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COMPUTATION OF HEAT TREATMENTS FOR WHITEWARE BODIES* 
By W. W. Mever 

ABSTRACT 

The constant in Arrhenius’ equation, when applied to the vitrification process of 

feldspathic whiteware bodies was calculated, using known data. Proceeding from this 

point, a mathematical expression for the amount of reaction taking place in a normal 

whiteware mixture, heated according to a given schedule, was obtained. Formulas 

were also derived for calculating heating schedules of various rates of temperature rise 

and lengths of soaking period productive of a given amount of reaction. The calculated 

amounts of reaction necessary to vitrify feldspathic whiteware bodies were correlated 

with the RO contents of the bodies. Data on the physical properties of variously heat- 

treated bodies are given to substantiate the validity of the formulas. A chart is given 

by means of which many heat-treatment problems can be solved without using the 

mathematical formulas. 

|. Introduction 
A study of the effect of variations in heat treat- 

ment! on whiteware body properties showed the 

desirability of obtaining a specified degree of vitri- 

fication by using various combinations of rate of 

temperature rise and time of soaking. (The 
degree of vitrification was evidenced by the physi- 

cal properties, especially bulk specific gravity, of 

the heat-treated specimens.) To do this by the 

method of trial and error would require much 

time and many specimens; an effort was made, 

therefore, to derive a mathematical formula for 

calculating various heat treatments which would 

give approximately the same degree of vitrifica- 

tion. 

Assuming the vitrification process of a body to 

be a chemical reaction, Arrhenius’ equation might 

be expected to apply.* 

This equation expresses the relation between the 

reaction rate, k, and the absolute temperature, 7. 

The value of C was calculated, using information 

obtained from previous experiments and from 

known properties of certain of the pyrometric 

cones. If &, is the reaction rate at /°C relative to 

1 
Log 

l — 
k (7, 

(1) 

* Scheduled for presentation at the Fortieth Annual 
Meeting, American Ceramic Society, New Orleans, La., 
March 27-April 2, 1938 (White Wares Division). Re- 
ceived October 15, 1937. 

Publication approved by the Director of the National 
Bureau of Standards, U. S. Dept. of Commerce. 

1 Results to be reported by G. R. Shelton and W. W. 
Meyer. 

? “Soaking,”’ in ceramic terminology, implies holding at 
a constant elevated temperature for a period of time, 1.¢., 
heat-soaking. 

* The application of this equation was suggested by 
F. H. Norton and F. B. Hodgdon, “Influence of Time on 
Maturing Temperature of Whiteware Bodies,” Jour 
Amer. Ceram. Soc., 14 [3] 177-91 (1931). 
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that at 1280°C (1553°K), i.é., k= 1280 = 1.000, 

the expression reduces to 

1 
1553 

Where & = reaction rate at ?°C. 

Logik: = 60,000 ( ( 1 

+ 

Solving this equation for k, gives 

F273). (3) 

If k, is the rate of reaction or vitrification in a 

body at #°C and it is desired to know the total re- 

(38.6349 
t = 

TABLE I 

COMPARISON OF EMPIRICAL VALUES OF &, EQuation (4), 
WITH TRUE VALUES OF &,, Equation (3) 

Cumulative 
B-—A Tem- B-A 

pera- ki by equation A A 
ture (3) (4) x 100 x 100 
(°C) 4 B (%) (%) 

1160 0.0006 0.0000 —100.0 —100.0 
1170 -0011 .0007 —36.0 —59.0 
1180 .0022 .0021 —4.5 —28.0 
1190 .0042 .0044 +4.8 —11.0 

1200 .0080 .0087 +8.8 —1.2 
1210 .0150 .0163 +8.7 +3.5 
1220 .0280 .0298 +6.4 +4.9 
1230 .0518 .0539 +4.1 +4.5 

1235 .0703 .0722 +2.7 
1240 .0952 .0969 +1.8 +3.3 
1245 . 1286 . 1295 +0.7 
1250 . 1734 .1735 +0.1 +1.8 

1255 . 2333 .2317 —0.7 
1260 .3133 .3100 —1.1 +0.5 
1265 .4200 .4147 —1.3 

1270 .5618 . 5545 —1.3 —0.3 

1275 .7502 . 7398 —1.4 
1280 1.000 . 9869 —1.3 —0.8 

1285 1.330 1.316 —1.1 
1290 1.767 1.760 —0.4 —0.6 

1300 3.098 3.137 +1.3 +0.2 

1310 5.398 5.593 +3.6 +1.7 

action which has taken place during heating from 

t° to °C at a given constant rate,‘ the answer 

‘ Rates ranging from 20° per hour to 180° per hour 
were used. 
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should be obtained by getting ft. k, dh, where 
h equals time. 

This integration results in an equation which is 
too cumbersome for practical use. To avoid this 

complication, the values of k, were calculated 

(Table I), using equation (3), and plotted for 

values of ¢ from 1160° to 1310°C; 1160°C is 

taken as the temperature below which the value 

of k, is so small as to have relatively little 
significance in the reactions causing vitrification 

of average whiteware. From the resulting curve, 

an empirical equation was obtained as follows: 

hi - 44 = 0.000961 X — 9.001 (4) 

Where rh = ¢ — 1160. 
r = constant rate of temperature increase (°C/hr.) 

above 1160°C. 
hk = time of increase (hr.) above 1160°C. 

= temperature (°C). 

Using equation (4) in place of equation (3) in- 

volves a maximum error corresponding approxi- 

mately to +2°C, from 1190° to 1310°C, inclusive. 

(See Table I for comparative values of k, (3) and 

k, (4).) 
Integration of equation (4) gives the expression, 

dp @ X — — (5) 

for the “reaction area,” A,, under the rising tem- 

perature curve above 1160°C. The last term is 
dropped because it is insignificant compared to 

the other terms. If A, and r are known and }, 

which equals rh + 1160, is desired, the solution 

can be simplified by assigning the average value 

of 3 hours to the final 4 in equation (5). This as- 

sumption involves an error well within the limits 
of practical temperature control (+2°C). Then 

t = 39.8 logy (60.2rA, + 0.181r) + 1160. (6) 

Equations (5) and (6) are given for a constant 

rate of temperature rise and no soaking period. 

Introducing a soaking period of duration, h,, 

and substituting (¢ - 1160) for rh, the reaction 

area under this portion of the curve becomes 

A,=h, X ky =h,(0.000961 X 1169) 001) (7) 

The total reaction is as follows: 

Az = A, + A, = 90166 1160) — 9,001 + 
r 

h, (0.000961 XX 10°-0251(¢— 1160) — 0.001). (8) 

In determining ¢ in terms of As, r, and h,, when 

t is the temperature at the end of the rise and dur- 

ing the soaking period, the average value of three 

hours was assigned to / in the middle term of equa- 

tion (8). Then 
Ayr + 0.003r + 0.001rh, 

( 0.0160 + 0.00096Irh, 
) + 1160. (9) 

No effort has been made to obtain a formula in- 

volving the cooling period because rough calcula- 

tion shows that in a normal heat treatment the re- 

action taking place during cooling is a very small 

percentage of the total. 

With the aid of the foregoing formulas any com- 

bination of heating rate and soaking period can be 

transposed to another combination of heating rate 

and soaking period having the same total reaction 

effect. 

If Ay, corresponding to vitrification of a body, 

is known, a heat treatment productive of vitrifi- 

cation can be calculated. In a previous investi- 

gation,’ bodies containing various percentages of 

5.0 T T 5.0 

& 

3 a | 

> | | | 
Minimum A; Maximum A> 4 » 

| 

o 

B30 | 30 

Ee producing maximum bulk = 
specific gravity. 

i 

2.0 20:5 
3s 

+ 
| 

< 

Cone 9—— | Cone 8 
20 40 6.0 8.0 % RO 
1180 1220 1260 1300 °C 

Fic. 1—Data on heat treatment of feldspathic white- 
ware bodies. 

RO were given the mildest heat treatment, ac- 

cording to a fixed schedule, which would produce 

maximum bulk specific gravity. The values of 

A; for these heat treatments have been calculated 

and are plotted against RO content in Fig. 1. 
Values of k, from equation (4) are also plotted. 

5 W. W. Meyer and T. A. Klinefelter, “Substitution of 
Domestic for Imported Clays in Whiteware Bodies,” Nat. 
Bur. Stand. Jour. Research, 19 [1] 65-79 (1937); Ceram. 
Abs., 16 [9] 280 (1937). 



Computation of Heat Treatment for Whiteware Bodies 77 

TABLE II 

DaTA ON FELDSPATHIC WHITEWARE SPECIMENS AFTER VARIOUS HEAT TREATMENTS 

of of d heated bars 
Body* Az Heat treatment dried bars heated bars heating ¢%) bars (%) (ib. /in.*) 

0.14 40°/hr. to 1261°C 1.89 2.39 25.6 0.3 9100 
(1) 0.13 oo * “i. 1.89 2.38 25.5 0.2 9700 

0.13 1.89 2.39 25.6 0.5 9300 
0.15 f° 1.90 2.39 25.2 0.4 9600 

(2) 0.07 o * “te 1.90 2.37 24.5 1.9 7000 
0.03 | edited x & 1.90 2.32 22.9 3.9 6600 
0.15 et 1.88 2.38 25.7 0.4 9300 

(held 5 hr.) 
(3) $0.15 30°/hr. to 1240°C 1.88 2.39 25.7 ° 9600 

(held 1 hr.) 
0.15 180°/hr. to 1246°C 1.88 2.38 25.5 0.5 9600 

(held 1 hr.) F 
0.70 25°/hr. to 1252°C 1.87 2.41 26.8 0.0 9800 

(held 3 hr.) 
0.70 60°/hr. to 1267°C 1.87 2.41 26.8 0.0 9700 

(4) (held 1'/, hr.) 
2.50 25°/hr. to 1273°C 1.87 2.39 26.5 0.0 9000 

(held 3 hr.) 
2.50 60°/hr. to 1289°C 1.87 2.39 26.5 0 9000 

hr.) 
0.14 0°/hr. to 1261°C 1.88 2.19 19.5 8.8 5900 

(5) 0.13 60° ~ ee 1.88 2.21 19.9 8.8 5800 
0.13 1.88 2.22 20.4 8.7 6200 
0.15 a * 2? 1.88 2.20 19.5 8.8 6200 

(6) 0.07 oo * “ir. 1.88 2.16 18.2 10.8 5800 
0.03 1.88 2.09 15.2 14.6 5400 
0.15 1.88+ 2.18 18.8 10.8 5700 

(held 5 hr.) 
(7) 0.15 30°/hr. to 1240°C 1.88+ 2.18 18.7 10.7 5700 
. (held 1 hr.) 

0.15 180°/hr. to 1246°C 1.88+ 2.18 18.9 10.9 5900 
(held 1 hr.) 

* Vitreous bodies (1), (2), and (3) correspond closely to RO = 5.1, RO, = 71.8, and R,O; = 23.1%. 
Vitreous body (4) corresponds to RO = 5.0, RO; = 71.8, and R,O; = 23.2%. 
Semivitreous bodies (5), (6), and (7) correspond closely to RO = 2.5, RO, = 77.8, and R,O; = 19.7%. 

The particular formulas presented in this paper will cause vitrification of feldspathic whiteware 
apply to feldspathic whiteware bodies. The in- bodies of known RO contents can be ascertained. 

troduction of other fluxing ingredients might There are four variables involved in the chart, 
change the reaction rate of the glassformingcon- (1) total reaction of body constituents above 

stituents. The value of Ay, corresponding to a 

given RO content, furthermore, may vary with Tasce III 

the methed of preparirig the body and forming the RELATION OF barman — TO RO CONTENT oF 

ware. The general method, however, should be 

applicable to the computation of heat treatments content Vitrification range* 

for various bodies and constants in the formulas “(%) “Bottom, Az Middle, Az Top, Az 

determined to fit specific cases. + 

Some data on the physical properties of speci- 5.8 0.100 0.30 0.90 

mens heated by different schedules to obtain vari- 

ous values of Ay are given in Table II to substan- 48 0250 0.75 220 

tiate the validity of the formulas. 

Using the formulas, a chart (Fig. 2) was con- 42 0.730 22 6 80 

structed by means of which a given heating sched- 

ule can be changed to one of faster or slower tem- 3.6 2.000 6.0 

perature rise and longer or shorter soaking periods - eo 

without changing the amount of vitrifying action . 
* The vitrification range implies a bulk specific gravity, 

in the body. By using Table Tit (facing Fig. 2) after heating, within 0.02 of the maximum obtainable for 

in conjunction with Fig. 2, heat treatments which the body, and a water absorption of less than 0.2%, 



78 

1160°C, or Az*, (2) constant rate of temperature 

rise above 1160°C, (3) maximum temperature of 

heat treatment or soaking temperature, and (4) 

soaking time. If any three of these variables are 
given, the fourth can be found. The soaking time 
in hours and minutes is plotted along the abscissa 

and the temperature in °C along the ordinate. 
The broken vertical lines at the left end of the 
chart represent the constant rates of temperature 

Meyer 

Example 1 

Ware is heated to 1210°C at 20° per hour and 
soaked 3 hours. What is the value of A, for this 

heat treatment? Follow the 1210°C level hori- 
zontally to the right until it intersects the vertical 
line at 3 hours’ soaking time. This intersection 

falls between the curves for Ay = 0.05 and A; = 

0.10. By interpolation, the approximate value, 

Ay = 0.07, is obtained. 

| 

1290 

Ay 

i210 

rise, °C/hr. 

1190 

1:00 0:00 1:00 2:00 

Sqaking time at maximum temperature, hours:minutes 
3:00 4:00 

Fic. 2.—Heat-treatment chart for feldspathic whiteware bodies. 

rise above 1160°C in °C per hour. They are 
spaced so that the horizontal distance between 

any two of these lines represents the difference in 

soaking time required to cause a certain amount 
of reaction in the body or to produce a given value 

of As, using a given maximum temperature. 

The difference in soaking time is necessitated by 

the difference in time required to reach the maxi- 

mum temperature at two specified rates. The 

series of curves for various values of Ay was ob- 

tained by plotting values of ¢, the maximum or 

soaking temperature calculated from equation 

(9), for corresponding given values of h,, r, and 

Ay. 
The following examples are given to illustrate 

the use of the heat-treatment chart. 

* Ay is a symbol for what is sometimes referred to as 
the “heat work,” above 1160°C. 

This would bring a body containing 7.8% RO to 

the bottom of the vitrification range (Table III). 

Example 2 
A body containing 4.0% RO is heated to the 

middle of its vitrification range by heating at 40° 
per hour to 1280°C and soaking. How long is it 
soaked? From Table III, Ay = 3.0. Follow the 

1280°C level horizontally to the right to intersect 
the curve, Ay = 3.0. This intersection occurs 2 

hours and 11 minutes to the right of the zero time 

(20° per hour rate) line; add this time to that be- 
tween the 20° line and the 40° line, 26 minutes, 

and total soaking time equals 0:26 + 2:11, or 2 
hours and 37 minutes. 

Example 3 
What is the soaking time in a heat treatment 

which will bring a body containing 5.0% RO to 

| 

3 Rate of tempera _ 
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the middle of the vitrification range (Ay =0.55) by 

heating at 60° per hour to 1275°C and soaking? 
Follow the 1275°C level horizontally to the right 
to intersect the curve, Ay = 0.55. This intersec- 

tion is 6 minutes to the /eft of the zero time (20° 
rate) line; subtract this time from that between 

the 20° line and the 60° line, 34 minutes, and the 

soaking time is 0:34 minus 0:06, or 28 minutes. 

Example 4 
To what maximum (soaking) temperature must 

a heat treatment be carried at 90° per hour, if the 
soaking time is one hour and a body containing 

6.4% RO is to be heated to the top of the vitrifica- 

tion range (Ay = 0.75)? The soaking time be- 

tween the 20° rate (zero line) and the 90° rate is 

40 minutes. This leaves 20 minutes to the right 

of the zero line. This 20-minute line intersects 

the Ay = 0.75 curve at the 1272°C level; 1272°C 

is the maximum or soaking temperature desired 

for this heat treatment. 

Example 5 

At what rate should the temperature rise above 

1160°C, if a body containing 5.8% RO is to be 

heated to the middle of the vitrification range (Ay 
= 0.30)? Given: maximum temperature, 1245°C; 
soaking time, 2 hours. The intersection of the 

1245°C level and the Ay = 0.30 curve occurs 1 

hour: 29 minutes to the right of the zero line, 

which leaves 31 minutes to be accounted for be- 

tween the zero line and that line representing the 

rate to be used; 31 minutes to the left of the zero 

line is the 50° per hour line. The heating rate 
above 1160°C should be 50°C per hour. 

CORRELATION OF ELECTRICAL AND THERMAL PROPERTIES 
OF BUILDING BRICK* 

By J. Stuart JOHNSON 

ABSTRACT 

A relationship has been found to exist between the electrical and thermal conductivi- 

ties of certain ceramic materials. This relation appears to be both a direct and an ap- 

proximately linear function of the porosity of the material and, for the materials used, 

independent of chemical composition. 

Current-voltage relations bear out the generally accepted assumption that solid, non- 

metallic dielectrics, such as ceramic materials, exhibit electrical conductivity by virtue of 

a movement of ions. Current-time relations indicate that the materials used in this 

study exhibited an appreciable polarization current, the magnitude and time of decay 

of which were closely associated with the porosity 

The latter, time of decay, is of particular interest. From these observations, it is evi- 

dent that the effective direct-current resistance of a ceramic insulator may not be its final 

steady-state resistance but some much lower value. 

|. Introduction 
Althousk ceramic materials are used exten- 

sively in  iectrical insulation and construction, 

comparatively little is known of their electrical 

properties. Nor has the manner in which these 

properties vary with respect to certain other physi- 

cal characteristics of the material been investi- 

gated very extensively. It is the purpose of this 

work to study a few of the direct-current proper- 

ties of some ceramic materials and to show that a 

* Abstract of a doctoral thesis, Iowa State College, June, 
i937. Scheduled for presentation at the Fortieth Annual 
Meeting, American Ceramic Society, New Orleans, La., 
March, 1938 (Structural Clay Products Division). Re- 
ceived September 22, 1937. 

relationship exists between the electrical and 

physical properties. 

Obviously measurements and attempted corre- 

lations of electrical and physical properties might 

be made almost indefinitely. For this reason, the 

most important properties and those which lent 

themselves most readily to measurement with the 

equipment at hand were chosen. 

The measurements and correlations which have 

been made are (1) direct-current conductivity, 

(2) thermal conductivity, (3) porosity, and (4) the 

relation between the electrical and thermal con- 

ductivities as based on the porosity of the mate- 

rial. 

| 



Fic. 1.—Electrical-conductivity measuring equip- 
ment. 

In addition, studies were made of the current- 

voltage and the current-time relations and the 

manner in which they were affected by the poros- 

ity of the material. 

ll. Apparatus 
The chief items of equipment are briefly de- 

scribed under the following paragraph headings. 

(1) Electrical-Conductivity Testing Cabinet 
The electrical-conductivity testing cabinet con- 

sisted of a wooden container in which the tem- 

perature was maintained constant by means of a 

mounted on insulators. The high-voltage elec- 

trode was made of aluminum plate, 0.3 centimeter 

thick and 24 centimeters in diameter. The zero 

potential electrode was a brass disk, 3.5 centime- 

ters in diameter. The guard ring surrounding 

the latter electrode was also of aluminum plate. 

The high-voltage electrode was fitted with a screw 

adjustment to permit the insertion of test samples. 

To eliminate leakage between the high-voltage 

leads and the galvanometer leads, grounded 

screens were placed inside and outside the cabinet. 

Figures 1 and 2 are exterior and interior views of 

the cabinet, respectively; Fig. 3 is a schematic 

diagram of connections. 

(2) Kenotron Set 

A high-voltage Kenotron set was used to supply 

the high potential needed for the electrical mea- 

surements. The set voltage was adjustable up 

to 50,000 volts. Essentially a Kenotron set is a 

rectifier capable of full-wave rectification. The 

one used consisted of a 220/100,000-volt center- 

tap transformer and two Kenotron tubes of 25 

watts capacity. The primary of the transformer 

was supplied from a sine-wave set. In order to 

change the output voltage of the Kenotron set, the 

field excitation of the sine-wave set was varied. 

Fic. 2.—Interior view of electrical-conductivity testing cabinet. 

bi-metal thermostat, a relay, and a lamp bank. 

The humidity was kept low by anhydrous calcium 

chloride placed in the cabinet. The cabinet con- 

tained two electrodes and a guard ring, each 

(3) Galvanometer 

The current measurements were 

made with a Leeds and Northrup 

wall-type ballistic galvanometer. 

The sensitivity of the instrument 

was determined as 6.179 

ampere per millimeter deflection 

at a distance of one meter. The 

galvanometer was shielded elec- 

trostatically by means of a 

grounded copper screen. 

(4) Thermal-Conductivity Testing 
binet 

All measurements of thermal 

conductivity were made inside a 

closed wooden cabinet. An exte- 

rior view is evident in Fig. 4. The 

“electrodes” for supplying the thermal potential 

difference were a hot plate and two cold plates. 

The cold plates were of brass, 0.3 by 15 by 30 centi- 

meters. Toeach of these plates was soldered a 
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Fic. 3.—Diagrammatic sketch of electrical-conductivity 
measuring equipment. 

shallow galvanized steel tank. Constant-tempera- 

ture cooling water was circulated through these 

tanks. Thehotplate consisted of a thin sheet of mi- 

canite upon which was wounda heater element, ap- 
proximately 5 by 15 centimeters, with a guard ring 

surrounding it. The two elements were wound 
with No. 30 nichrome wire, and the resistances of 

the elements were approximately 50 and 35 ohms, 

respectively. Thin fiber plates were bolted to each 

side of the micanite. Saw cuts were made be- 

tween the heater and guard-ring elements to as- 

sist in insulating the two thermally. Threaded 

steel rods were run through each corner of the hot 

plate and cold plates and fitted with wing nuts. 

The entire assembly was suspended by wires from 

the top of the cabinet to minimize lateral heat 

leakage by conduction. Figure 5 is a schematic 

diagram of the entire plate assembly. In Fig. 6, 

an interior view of the cabinet showing the elec- 

trodes with a sample in place, the rubber hose for 

the water-cooling system may be seen at the right 

and left; the thermocouple leads are visible 

in the upper center. As in the case of the electri- 

Fic. 4.—Exterior view of thermal-conductivity test- 
ing cabinet. 

(7) Thermocouples 
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cal measurements, the humidity was kept low by 

anhydrous calcium chloride. 

(5) Power Supply for Hot Plate 
The power was supplied separately to the heater 

and guard-ring elements through potentiometers 

and series resistors, which controlled the tempera- 

ture of either element. 
Input measurements of current and voltage in- 

dicated the rate of heat transfer through the sam- 
ple. 

(6) Water-Cooling System 
The circulating water was kept at an approxi- 

Guard ring element 

Wire suspension, --Input 

Va 
tom? 

Stunt, 

| | 
| 

| | | 

|< @ 

PET | 
| 

~< 

abbba 
“Pressure adjustment 

Fic. 5.—Diagram of hot and cold plate assembly. 
Code: (a) fiber plate; (6) micanite plate; (c) hot 
plate assembly (not drawn to scale). 

Water injet 

mately constant temperature by thermostatic con- 

trol. Sufficient tap water was allowed to flow 

into a tank to maintain the temperature several 

degrees below that desired. The water was then 

boosted to the desired temperature by means of a 

controlled immersed heating element. The water 

was circulated by a small motor-driven centrifugal 

pump. 

The temperature measurements were made with 

iron-constantin thermocouples. They were cali- 

brated in conjunction with a sensitive galvanome- 

ter, such that the temperature could readily be 

determined from the galvanometer deflections 

¥ 
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to the final conductivity and the polarization cur- 

rent. 

In addition to these measurements, the current- 

voltage relations were observed by varying the 

applied voltage and allowing the current to be- 

come steady after each such variation. 

TABLE I 

CALCULATED DaTA 

Electrical 
con- 

Absorption ductivity Thermal Ratio 
Test by (10-™ conductivity of thermal 

specimen weight mho/ (watt to electrical 
No. (%) em.') em./°C) conductivity 

1 122 17.92 0.001331 74.2 X 10° 
2 112 17.64 .001400 79.3 

ing cabinet. 5 28.85 001863 64.5 
6 115 17.7 .001382 77.7 

: . 7 128 15.97 .001334 83.6 

The thermocouples were inserted against the faces 8 130 16.05 .001310 = 81.6 
96 22.63 .001549 68.3 of the samples in the shallow slots in the fiber con 0 102 20 75 “0014858 «68. 1 

tact plates, Fig. 5. 11 101 21.20 001501 70.7 
12 86 27.71 .001820 65.6 

Norge: The materials used in this study were light- 13 . 19.55 -001462 74.8 
weight fire brick, manufactured and furnished by the A. P. + 

Green Fire Brick Company (test specimens 1 to 18), and 16 90 25.45 001651 64.9 
building brick, manufactured by the Ava Brick Company 17 98 21.02 .001554 73.9 

(test specimens 19 to 22). 18 127 16.05 -001331 83.1 
19 6.37 388 .00685 17.7 

os 20 1.83 488 .00763 15.7 
lll. Investigation 21 3.01 446 .00730 16.4 

22 5.00 402 00698 17.4 

(1) Electrical Conductivity 
The brick test specimen was dried to a constant 800 

weight to drive off all moisture and cooled in a dry 

atmosphere approximately to 47°C. The sample 

was placed between the electrodes in the test 

cabinet, and a voltage of 25,000 volts was sud- 

denly applied. Simultaneously, with the appli- 

cation of the voltage, a stop-clock was started. 

Readings of galvanometer deflection and time 

were taken until the deflection became constant. 

The data thus obtained gave information both as 

Conduction current(\0 ampere ) 

400 

oN | 3) 
a 

is 
a > 

4 | 
Sz 200 «ia 

90 100 110 120 30 8 ° 
0 4 8 10 

Fic. 7.—Electrical conductivity as a function of Minutes 
porosity (specimens 1-18). Average temperature, 
47°C; voltage, 25,000. Fic. 8.—Current-time relations (specimens 3, 5, 8, 16). 
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Conduction Current (i0Sampere) 

Voltage (KV) 

Fic. 9.—Current-voltage relations (specimens 2, 3, 
9, 12, 18). 

Table I contains the electrical conductivity 

data for all, specimens. Figure 7 indicates the 

conductivity-porosity relation for the fire brick 

(specimens 1 to 18). 

Figures 8 and 9 represent the current-time and 

the current-voltage relations, respectively, for the 

same group of specimens. 

(2) Thermal Conductivity 
The test brick was dried similarly and placed in 

the test cabinet. The specimen was inserted be- 

tween one cold plate and the hot plate. A piece 

of standard corkboard was placed between the 

other cold plate and the hot plate. The thermo- 

couples were inserted, one at the center of each 

cold plate and one on each side of the heater ele- 

ment at the center. Two additional thermo- 

couples were inserted on the corkboard side of the 

hot plate at previously determined points on the 

edge of the saw cut between the heater element 

and the guard-ring element. 

An approximate adjustment of input to the 

two elements was made, and the system was al- 

lowed to come to steady-state. Further adjust- 

0.0016 

0.0012 4 1 | = i J 

90 100 110 120 130 

Absorption (%) 

10.—Thermal conductivity as a function of 
Average mean tempera- 

Therma! conductivity (watts/cem/°C) 

Fic. 
porosity (specimens 1-18). 
ture, 47°C. 

ments were made as needed to bring the tempera- 

ture of the heater element and the guard-ring 

element to the same value and the mean tempera- 

ture to about 47°C. When this condition was 
obtained, input readings were made for the heater 

element. At the same time, the thermocouple 

galvanometer deflections were recorded for all the 

thermocouples. 

The use of the corkboard standard permitted 

the computation of the rate of heat flow through 

the cork. The remainder of the power input was 

then considered to be the heat required to main- 

tain the observed thermal potential difference on 

the two faces of the brick. The conductivity was 

calculated from the usual linear heat-flow equa- 

tion. 

Table I contains the calculated values of the 

thermal conductivity for all the test specimens. 

Figure 10 represents the conductivity-porosity 

relation for specimens | to 18. 

uw + 7 

e From data 

@ From curves 

Ratio of Conductivities » 10-8 i 

10 20 130 
Absorption (%) 

11.—Ratio of conductivities as a function of Fic. 
porosity (specimens 1-18). 

(3) Porosity 
The porosity was determined by the standard 

absorption test and was calculated from the weight 

of water absorbed, expressed as a percentage of 

the dry weight of the brick. 

(4) Correlation of Electrical and Thermal Conduc- 
tivity 

The correlation of electrical and thermal con- 

ductivity was expressed as the ratio of the thermal 

conductivity to the electrical conductivity for the 

purpose of eomparison with the Wiedemann- 

Franz constant for metals. Table I contains the 

calculated ratio, and Fig. 11 shows the variation 

of the ratio with porosity for specimens 1 to 18. 

The open circles represent points obtained by 

taking the ratio of values picked from the smooth 

curves in Figs. 7 and 10. 
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Figure 12 represents the entire range of porosi- 
ties, including all of the specimens (1 to 22). The 
dashed portion of the curve indicates that, al- 

though data were lacking for that range, the trend 
of the observed data indicated that the approxi- 

mate linear relation would hold throughout the 
entire middle range of porosities. 

IV. Discussion of Results 

(1) Electrical Conducticity 
From Fig. 7, it is evident that the relation be- 

tween electrical conductivity and porosity re- 
sembles a hyperbola. This is the relation which 

80 T T i 
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Fic. 12.—Ratio of conductivities as a function of 
porosity (specimens 1-22). 

would be obtained analytically by considering the 

pore spaces and the solid as two separate conduc- 

tors in series. The total conductivity of a series 
system of this sort is an inverse, or hyperbolic, 

function of the length of the path through the 

higher resistance material, in this case, air. The 

length of the air path across a material, such as a 

brick, may be considered statistically as equiva- 

lent to the porosity. 

The current-time relation may be seen in Fig. 

8. The rate of decay and the magnitude of the 
initial observable current are obviously dependent 

upon the porosity or density. The absorption or 

polarization current may be attributed to the 

movement of polar molecules, those molecules 

whose centers of positive and negative charge do 

not coincide. An electric field impressed upon 

such a molecule causes the molecule to rotate into 

alignment with the impressed field. Inasmuch 

as the number of polar molecules is greater in the 

less porous material, the initial current is greater. 

The current-voltage relations, Fig. 9, indicate 
that the current is again a function of density in 

that higher currents flow in the denser brick. The 

curvature of the current-voltage curves resembles 

that of the upper portion of the similar curve for 

gaseous discharges in the range of ionization by 
collision of ions and molecules. The latter bears 

out the assumption generally made that solid 

“nonconductors” or dielectrics permit current 

passage by a motion of ions sufficiently rapid to 

produce ionization by collision. 

(2) Thermal Conductivity 
Although no rigorous analytical proof can be 

given for the hyperbolic relation observed be- 

tween thermal conductivity and porosity, experi- 

mental evidence indicates that the thermal re- 

sistance of a series circuit of thermal insulators 

may be computed in essentially the same manner 

as the electrical resistance of a series electrical 

circuit; hence the hyperbolic relation, Fig. 10, 

would be expected. 

(3) Correlation of Electrical and Thermal Con- 
ductivity 

Figures 11 and 12 are evidence of the similarity 

in the variation of thermal and electrical conduc- 

tivity for nonmetals. The fact that the relation 

is not a constant, as is the ratio for metals, may be 

attributed to the nonmetallic types of conduction 

which occur, ionic in the electrical case and radia- 

tion in the thermal case. The great difference be- 

tween the value of the constant for metals and 

those observed for brick may be attributed to 

much the same cause. 

V. Conclusions and Summary 
The rapidly increasing use of ceramics as insu- 

lators in electrical construction makes a knowledge 

of their properties and behavior imperative. The 

results presented in this paper merely border on a 

few of the many possibilities for study. Dielec- 

tric properties, breakdown strength, effect of tem- 

perature, humidity, and time of usage are a few of 



the problems which present themselves for further 

investigation. The correlation of electrical and 

physical properties other than electrical and ther- 

mal conductivity are available for study. 

A knowledge of these correlations makes it pos- 

sible to predict, without actual measurement, cer- 

tain properties of a substance. For example, in 

the case of thermal and electrical conductivities, if 

further study should continue to show that the 

ratio is practically independent of composition for 

many types of insulator, the relationship should 

be invaluable in that only one of the two proper- 

ties need be measured. 

Electrical conductivity measurements may be 

valuable in determining more accurately, or at 

least without destruction, the true porosity of 
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porous materials. 

The correlation of strength and electrical con- 

ductivity on the basis of porosity would give a 

nondestructive method of determining the strength 

of a ceramic material. 

In addition to the purely commercial value, 

which the knowledge of such properties and corre- 

lations would have, there is the interest which is 

aroused from the scientific viewpoint to be con- 

sidered. Correlations may give considerable in- 

formation as to just what occurs within a material 

when it acts as a conductor of current or heat, as a 

dielectric, or is broken down either by electrical 

or mechanical stresses. 

DBPARTMENT OF ELBCTRICAL ENGINEERING 
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THE LAW OF ANNEALING OF GLASS: QUANTITATIVE TREATMENT 
AND MOLECULAR INTERPRETATION* 

By NgLSON W. TAYLOR 

ABSTRACT 

The reduction of strain birefringence with time in Pyrex-brand chemical resistant 

glass has been shown to follow the equation, 

= bn + Saw. 

Where 6,, = that part of strain released according to Maxwell’s stress law, —df/di = 
k 

bee = that part released according to the Adams-Williamson law, —df/dit = k,f*. 

bn = 
bow = + Saw," Al). 

The molecular nature of stress and strain has been examined, and it has been shown 

that the Maxwell law is followed when the strain-bearing molecular species (principally 

the dissociated units) relax independently, without interaction; the Adams-Williamson 

law is followed when these same species relax by virtue of interaction according to the 

well-known law for a second order or bimolecular reaction, —dX /dt=k,X*. The tem- 

perature dependence of each of these two processes is discussed and an activation energy 

of 94,000 calories is calculated for the bimolecular interaction process. The theory as 

outlined appears to be a necessary and sufficient description of the annealing process in 

silicate glasses or similar materials. 

|. Introduction 

Morey' has shown that after a certain initial 

period the birefringence, 5, of a sample of Pyrex- 

brand glass held at constant temperature, changes 

according to the Adams and Williamson equation: 

50 

* Scheduled for presentation at the Fortieth Annual 
Meeting, American Ceramic Society, New Orleans, La., 
March 27-April 2, 1938 (Glass Division). Received 
November 15, 1937. 

1G. W. Morey, “Annealing of Pyrex Chemical-Resistant 
Glass,” Ind. Eng. Chem., 27, 966-72 (1935); Ceram. 
Abs., 18 [6] 174 (1936). 

Where / = thickness of specimen. 
t = time. 

This equation may be written 
— di/dt = Als’. 

In the case of Pyrex-brand glass at 430°, Morey 

has found that the equation, 
1/6 — 1/800 = 10.8 X 10-*2, 

holds after an initial period of about seven or 

eight weeks. 

ll. The Initial Period 
To examine the nature of the initial (8 weeks) 

period, extending from 9:30 a.m., December 3, 
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1931, to 9:30 a.m., January 26, 1932, the writer 

has used the equation, 1/6 — 1/800 = 10.8 X 
10~-*t, to calculate values of 5 during the initial 

period, 4,,. These values were then subtracted 
from the observed values, 6,,, to give a quan- 

tity, 4é, whose variation with time was the sub- 

ject of investigation. The results are given in 
Table I. 

TABLE I 

Test oF THE Maxwe tt Law, —df/dt = kf, FoR RELEASE 
OF PART OF STRAIN 

‘ Log Differ- 
Date (days) Sods. baw = Log ence 

Dec. 3 0 (1671) (800) (871) 2.94 
5 2 1560 786 774 2. 2.854 —0.03 
7 4 1350 773 577 2.761 2.768 +0.01 

s 5 1290 767 523 2.719 2.725 0 

Q 6 1230 760 470 2.672 2.682 +0.01 
11 8 1140 748 392 2.593 2.596 0 
18 15 920 709 211 2.324 2.295 —0.03 

28 25 750 658 92 1.964 1.865 —0.10 
Jan. 4 32 670 625 45 1.653 1.564 —0.09 

9 37 630 c06 24 1.380 1.349 —0.03 
16 44 590 578 12 1.079 1.048 —0.03 
26 OF 550 546 4 0.602 0.618 —0.02 

The values of log Aé are plotted against ¢ in 
Fig. 1 and are seen to conform to the equation, log 

Compute log o> 

t- Morey (Fig 3) 

0 

Days 

Fic. 1.—Test of equation, —df/dt = kif, for “‘initial 
curved part” of Morey’s data on birefringence of Pyrex- 
brand chemical resistant glass vs. time at 430°C (8 
weeks’ period); ds af/f expressed as log Aé (see insert) ; 
log Aé = 2.94 — 0.043%. Plotted values of log Aé should 
be increased by 0.4 to read correctly. 

= 2.94 — 0.043. This is equivalent to the 

expression, log f/fo = kit or —df/dt = k;f, if stress 

is proportional to strain. 

The results mean that, during this “initial 

period,”’ the Maxwell law of strain release is being 

obeyed by the glass simultaneously with the 
Adams and Williamson law but that after a period 

of about eight weeks the “Maxwell strain” has 

fallen to less than 1% of its initial value and the 

Adams-Williamson relation is dominating. 

lll. Molecular Description of Strain Release 
To give a simple explanation of these relations, 

the following picture of the molecular condition of 

the glass is proposed. 
The glass was prepared by a high-temperature 

treatment and was so quickly cooled that when 
the annealing measurements began it was com- 
posed mainly of those molecular species character- 

istic of the high temperatures. One might say 
that from a chemical viewpoint it was dissociated. 

A process of association begins at once, but at a 

rate which is low at low temperature. In the 

meantime, an independent process which might 

be called “Maxwell removal of mechanical 

strain” goes on more rapidly and at 430° is prac- 
tically complete in seven or eight weeks, whereas 

the association process continues for at least two 

years, which was the period of measurement. 

It may be noted that at 503° the “mechanical 

process,” —df/dt = kf, is practically complete 

after 25 hours, whereas the association process is 

still in progress after 130 hours. The stress or 

strain which is removed by Maxwell’s law, 

—df/dt = kif, must be a volume property of the 

individual molecular species or of the whole sys- 

tem rather than depending on any interaction 

between the separate units. The process may be 

a de-orientation (depolarization) of these units. 

It will be shown that the Adams and Williamson 

law probably depends on interaction between two 

dissociated units. 

As already stated, the Adams and Williamson 

relation, 1/6 — 1/800 = 10.8 X 10~*t, was found 

by Morey to hold for a period of nearly two years 

after the initial period, and the present paper 

indicates that it holds from the beginning (see 

insert, Fig. 1). Weare therefore concerned with 

the molecular interpretation of the equation, 

—di/dt = Alé*, or —df/dt = kef?, if stress is 

proportional to strain. 

Let us assume that strain resides in the separate 

dissociated molecular units and that this strain 

can be relieved only by interaction of two such 

units to form an aggregate or association product. 
The strain may consist in molecular bond distor- 

tion of some kind, such as extra potential energy 

due to the unsaturated state of the dissociated 

unit. The process of association is equivalent to 

a chemical reaction of the kind, X + X = X2, and 

if collision vf the molecules is possible, the rate of 

association will be given by the well-known 
formula for a bimolecular reaction involving the 

— 
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collision of two particles, —dX/di = kX*. 

This equation states that the rate of disappear- 

ance of the molecular species, X, at any instant is 
proportional to the square of its concentration at 

that time. And because it is assumed that the 

strain resides only in X and is relieved by the bond 

formation in associating to produce a molecular 

aggregate, Xs, there is a reasonable explanation 

for the relation, —df/dt = k,f*. This explanation 

is so simple that it may appear to be too simple. 

There is, however, abundant evidence from optical 

data (absorption spectra) and from thermal ex- 

pansion and other physical properties of glass that 

the processes of dissociation and association do 

operate with rise and fall of temperature. As a 

first approximation, it is assumed that the species, 

X», contains no strain. In all probability it does 

contain some, but it should be small compared to 

X. The association may continue to form X; or 

X, but most certainly at a rate much slower than 

that at which X; is formed. 

IV. The Dependence of A on Temperature 
The experimental finding of Morey that the 

characteristic annealing rate constant, A, 

A=A'l 
1 = length of light path in the glass 

A't = 1/6 — 1/8. 
Where 

is a logarithmic function of the temperature, 

log A = — Mz, 

is qualitatively in harmony with the concept of a 

reaction rate constant for an intermolecular 

reaction process. A more satisfactory repre- 

sentation of the data is given by the relation, 

log A = a/T + b. 

Where T = absolute temperature, 
a and b = constants having the values —20,500 and 

21.83, respectively (shown in Table II and 
Fig. 2). 

TABLE II 

VALUES OF ANNEALING CONSTANT A AT VARIOUS 
TEMPERATURES 

Calculated values correspond to the equation 
log A = a/T +6 

Annealing Constant 

lemp. Experi- Calculated 
(°C) mental Calculated (Morey) 

430 0.9 X 107 0.47 X 1077 0.87 X 1077 
476 2.8 X 10-* 2.89 X 10-* 3.19 X 10~* 
493 1.2 X 1.15 107° 1.21 X 107° 
503 1.9 X 107° 2.58 X 10-5 2.64 X 10-* 
525 1.5 X 10~-* 1.39 X 10~* 1.40 X 10~* 
531 2.1 X 10-* 2.14 X 10~* 2.37 X 10~* 

The quantity, a, of the equation, log A = a/T 

+ 5b, is proportional to the activation energy for 

the process of association. The magnitude of this 

energy is 2.3 Ra = —94,000 calories per Avogadro 

number of elementary processes. It is worthy 
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Fic. 2.—Temperature dependence of annealing con- 
stant, A, Pyrex-brand chemical resistant glass; log A = 
—20,500/T + 21.83. 

of note that this quantity is of the same order of 

magnitude as that for the delayed elastic process, 

160,000, and for viscous flow, 150,000.* It is 

customary to express the temperature dependence 

of the reaction-rate constant of a chemical reac- 

tion by an equation of the type, log A = a/T + b. 

The facts that the annealing constants, A, may be 

expressed in this way and that the derived ac- 

tivation energy, 2.3 Ra, has a reasonable order of 

magnitude for silicate glasses, give some confi- 

dence in an intermolecular reaction theory. 

V. The Very Early Initial Period 
In the very early stages of the annealing, during 

the first two days at 430°C, the strain, <Aé, 

diminished faster than would be expected from 

the Maxwell relation as expressed in the equation, 

log 46 = 2.94 — 0.0431. The plotted points lie 

somewhat above the line, as may be seen in Fig. 1. 

This discrepancy is not surprising. It simply 

means that molecules still smaller than X are 

undergoing reconstruction. The deviation is in 

the right direction. Between '/, day and 2 days, 

an additional term, 5,,, = 525e~*-™, may be added 

if desired. A more thorough mathematical 

2N. W. Taylor, E. P. McNamara, and J. Sherman, 
“Study of Elastico-Viscous Properties of a Soda-Lime- 
Glass at Temperatures near the ‘Transformation Point’,”’ 
Jour. Soc. Glass Tech., 21, 61-81 (1937). 
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treatment of this whole problem would involve 
expressing the physical property as a summation 

of several steps of the type, 
bm’ = 

each with its characteristic rate constant. It is 

remarkable, however, that so large a fraction 

(from 2 to 731 days) of the whole experimental 

data can be adequately expressed by combining 

the single Maxwell relation, 

jin = 

with the rate data for the reaction, X + X = Xz. 

VI. Strain Release—Quantitative Relations 
The present study demonstrates that two laws, 

—df/dt = kif and —df/dt = kif, 

together are sufficient to represent the experi- 

mental results on birefringence of Pyrex-brand 

glass at 430°C, and a third law, 

log A = a/T + 3B, 

represents the relation of annealing constant to 

temperature. A and &; are of course related by 
the ratio of birefringence to stress. 

At any time, ¢, the strain birefringence, 5, per 

unit thickness of glass may be expressed as follows: 

6 = bm + Saw. 

Where 6, = 5n,¢~™. 
baw = Saw,/(1 + Al). 

Where 6,,, = total strain released according to Maxwell’s 
law (—df/dt = kf). 

baw. = total strain released according to the 
Adams-Williamson law (—df/dt = kef*). 

k, and k, = characteristic stress rate constants for the 
two processes. 

In the case of a 12.1-centimeter sample of Pyrex- 

brand chemical resistant glass which Morey 

studied at 430°C, we may write 

(6 = 871)e~°-** + 800/(1 + 800 X 10.8 XK 107%). 
Where ¢ = days. 

The equation is valid from ¢ = 2 to ¢ = 731. 

The initial period between ¢ = '/, and ¢ = 2 may 

be included by the addition of the term 525e—°-™. 

Values of 6 for the glass in unit thickness would be 

obtained by dividing the above by the thickness. 

The two-term equation holds over the last 729 

of the 731 days during which this glass was 

studied. The three-term equation is valid from 

six hours after starting the test. A more elabo- 

rate equation could be derived, if necessary, with- 

out introducing any ‘new principles. 
The temperature dependence of A is given as 

Taylor 

log A = —20,500/T + 21.83. 

A similar expression will hold for log k 

Vil. Molecular Nature of Strain 

The fundamental assumption underlying the 

foregoing argument is that strain may be looked 

upon as a molecular property and that it resides 

mainly in the dissociated (chemically unsatu- 

rated) molecular units or species in the glass. 

Mueller* has shown that the photoelastic effect in 
glasses is caused by two effects, (1) the elastic 

deformation alters the Lorentz-Lorenz interaction 

between the dipoles and in addition (2) produces 

optical anisotropy of the atoms. For pressure, 

the first effect creates positive birefringence and 
the second effect gives negative birefringence. 

In most cases the second effect is larger. A uni- 

form volume expansion of 1% increases the refrac- 

tion of oxygen ions by 0.4%, and a strain of 1% 

creates an optical anisotropy of the oxygen ion of 

about 0.7%. For the positive ions these effects 
are somewhat smaller. ‘In silicates and boro- 

silicates more than 90% of the total refraction is 

due to the oxygen atoms.” In a quickly cooled 

glass, the dissociated units must surely have 

volumes different from their normal in the sta- 

bilized state and must also possess electrical di- 

poles, owing to their unsymmetrical charge dis- 

tribution. In addition, the compressions and 
tensions due to rapid cooling of the object will set 

up distortions in the molecules. These effects 

should be greatest in the unsaturated dissociated 

species, and they will be much less if two such 

units combine so as to reduce their stray electrical 

fields. The Maxwell strain release may corre- 

spond to nothing more than a de-orientation 

under thermal influences of a number of units 

which have been oriented more or less parallel to 

one another (polarized) by the compressive forces 

arising from the unsymmetrical thermal gradients 

in the rapid cooling. This release of stress should 

follow the “radioactive” decay law, —df/dt = kif. 

On the other hand, stresses or strains released by 

molecular interaction should follow a second order 

or bimolecular reaction law, —df/dt = kof. 

This description of the molecular state is quali- 

tatively in entire agreement with the viewpoint 

of the organic or inorganic chemist who thinks of 

dissociation as increasing the energy and re- 

* Hans Mueller, ‘‘Theory of Photoelasticity in Amor- 
phous Solids,” Physics, 6, 179-84 (1935). 
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activity of his “bonds” and of association as 

reducing them. 

The view that dissociation-association proc- 

esses take place in glass is not at variance with the 

evidence of X-ray diffraction patterns. This evi- 

dence is confined almost entirely to giving dis- 

tances and coérdination numbers of ions adjacent 

to a given ion, ¢.g., 4 oxygens about a central 

silicon, and tells practically nothing about phe- 

nomena occurring two or more atoms distant. 

As shown by Warren in Morey’s paper,' the X-ray 

pattern of a sample of Pyrex-brand glass after 

731 days at 430°C was just a little sharper and 
more intense at large diffraction angles than that 

of the quenched sample. What evidence there is 

supports the idea that the randomness and dis- 

tortion should be reduced, and the various inter- 

neighbor distances should fall somewhat closer to 

a series of definite values, as annealing progresses. 

Qualitatively, the ideas of association given in 

the present paper are already widely accepted. 

The particular contribution made here is a 

quantitative treatment to the whole annealing 

problem and, perhaps, a more intimate picture of 

the molecular nature of stress and strain. 

One test of the law of strain release as given here 

would consist in the measurement of the rate-of- 

strain release in a sample of stabilized glass. In 

this case, the dissociation-association processes 

have reached equilibrium and the Adams-William- 

son law should not be obeyed, but only the Max- 

well law. That this is probably the case is 

shown by the results of Taylor, McNamara, and 

Sherman’ and Taylor and Dear.‘ These workers 

added strain to stabilized glass fibers by subjecting 

them to longitudinal tension, and in every case 

they found that the Maxwell law was obeyed both 

for the elongation process and for the relaxation 

when the load was removed. Correction was, of 

course, made for the simultaneous viscous flow. 

Bailey and Sharp,® furthermore, found that at 

high temperatures the rate of release of strain 

depends on the first power of the strain. The 

glass was probably stabilized or nearly stabilized 

at these high temperatures. 

Eprror’s Note: The summary of this paper is con- 

tained in the abstract, p. 85. 
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THE MEASUREMENT OF PARTICLE SIZES IN CLAYS* 
By F. H. Norton! anp S. Sper! 

ABSTRACT 

A simple method is described for measuring the complete range of particle sizes in a 

clay, with equipment which can readily be used in the plant-control laboratory. The 

usual Casagrande sedimentation method is extended to lower limits of size by swinging 

the suspension in a long arm centrifuge by which means particles can be measured as 

small as 0.05 micron. 

precision of the results are discussed. 

|. Introduction 
There are two general problems connected 

with particle-size measurement. One is the 

determination of a distribution curve of particle 

size based upon an equivalent diameter, so that 

various samples can be readily compared with 

each other. The other is the measurement of 

* Scheduled for presentation at the Fortieth Annual 
Meeting, Amierican Ceramic Society, New Orleans, La., 
March 27—April 2, 1938. Received November 15, 1937. 

+t Associate Professor of Ceramics, Massachusetts Insti- 
tute of Technology, Cambridge, Mass. 

t Edgar Bros. Co., Research Fellow, Ceramics Lab., 
Massachusetts Institute of Technology. 

Distribution curves are shown for several types of clay and the 

the absolute diameter in a nearly monodispersed 

system. The first problem is dealt with in this 

paper, and the second one will be discussed later.' 

There is no question but that many of the 

physical properties of clays are profoundly in- 

fluenced by the size distribution; therefore, 

both the manufacturer and the producer should 

be interested in a test giving the particle-size 

distribution as a means of controlling a variable 
which has hitherto been neglected. 

§ Eprror’s Nore: “The Fractionation of a Clay into 
Closely Monodispersed Systems.” This paper is in type 
and will be published in an early issue of the Journal. 
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(1) Literature Review 

The literature on the measurement of fine 

particle sizes is so voluminous that only a few of 

the more pertinent references will be given. One 
of the methods proposed for this determination 
is elutriation, a method which consists in clas- 

sifying the particles in a stream of air or water 

traveling upward with a known velocity and com- 
puting the size of the particles just supported 

from Stokes’ law. This method, however, is 

not particuiarly suitable for sizes below 2 microns, 

because the velocities become low and the time 

of the test is greatly extended. 

Sedimentation methods have been used to a 

great extent by experimenters for determining 

particle size based on the velocity of fall of a 

small sphere in a fluid according to Stokes’ law. 

This method seems particularly suitable for 

routine measurement of particle size even though 

it is an indirect method. In this way it is 

possible to measure the diameter of particles 

down to 0.7 micron, but as many clays have a 

large proportion of particles below this limit the 

method is not completely satisfactory in itself. 
There are several methods of computing the 

particle size by sedimentation. One is by de- 

cantation of the material in suspension after 

various time intervals, or by the beaker method 

as described by Schurecht' and Davies.? While 

this method requires a long period of elapsed 
time, it is carried out simply. Another method 

consists in determining the solid content of the 

suspension after. various intervals of time by 

drawing off a small sample with a pipette at a 

definite level. This method has been described 

by Schramm and Scripture* and has been used 

extensively abroad by Andreasen‘ and 

The weighing-plate method described by Sved- 

berg, and Rinde® measures the weight of the 

1 H. G. Schurecht, ‘‘Sedimentation as a Means of Classi- 
i Clay,” Jour. Amer. Ceram. Soc., 4 [10] 812 
1921). 
?R. J. Davies, R. A. Green, and H. F. E. Donnelly, 

“Some Researches on China Clay,’”’ Trans. Ceram. Soc. 
[Eng.], 34 [4] 173 (1937). 

* E. Schramm and E. W. Scripture, Jr., ‘Particle Analy- 
sis of Clays by Sedimentation,’”’ Jour. Amer. Ceram. Soc., 
8 [4] 243-52 (1925). 

4 A. H. M. Andreasen, ‘‘Determination of the Degree of 
Fineness,” Ber. deut. keram. Ges., 11 [12] 675 (1930); 
Ceram. Abs., 10 [6] 459 (1931). 
5M. Kéhn, “Determination of Grain Size by Pipette 

Analysis,” Tonind.-Zig., 53, 7291 (1929). 
* T. Svedberg and H. Rinde, ‘‘Determination of Dis- 

tribution of Sizes of Particles in Dispersed Systems,’ Jour. 
Amer. Chem. Soc., 45, 943 (1923). 
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accumulated sediment on a plate, while the 

manometer method described by Kelly’ measures 

the specific gravity of the suspended material 

at a certain height by means of a side arm con-. 

taining the pure liquid. The plummet method 
measures the specific gravity of the suspended 

material at a definite height from the surface and 

at definite time intervals by the change in weight 

of a plummet! suspended on a fine wire from the 

balance beam. 

The hydrometer method, which is employed 

in this investigation, consists in measuring the 

specific gravity of the suspension at definite 

intervals and at a definite distance from the 

surface of the liquid by the direct reading of a 

hydrometer. This method has been selected 

because of the convenience and quickness in 

taking the readings and the simplicity of the 

apparatus required. When temperature cor- 

rections are eliminated by using a blank solution 

as a comparison, the readings are as precise as 

required. This hydrometer method has been 

described by Bouyoucos* and more recently by 

Casagrande,’ whose nomographic chart makes 

computation of the particle size comparatively 

simple. 

For measurement of the finer particle sizes, 

the centrifuge has been described by a number of 

experimenters. For example, the centrifuge of 

Nichols and Liebe'® was used to measure the fine 

particles in paint pigments, but the necessity of 

taking careful photographic records and the fact 

that the high accelerating forces may sweep down 

small particles with the rapidly traveling larger 

ones, which may be above their critical velocity, 

makes this method not entirely suitable for 

clays having a large range of particle sizes. 

More recently the soil chemists have used the 

centrifugal method for determining the fine 

fractions in soil. This is usually accomplished, 

as described by Marshall" or Steel and Brad- 

™W. J. Kelly, ‘‘Determination of Particle Size,’’ Ind. 
Eng. Chem., 16, 928 (1924). 

® G. J. Bouyoucos, ‘“‘ Hydrometer Method in the Study of 
Soils,”’ Soil Sci., 25, 365 (1928). 

® A. Casagrande, Hydrometer Method for Determination 
of Fineness Distribution of Soils. Published by Julius 
Springer, Berlin, 1934. 

10 J. B. Nichols and H. C. Liebe, ‘Centrifugal Method for 
Determination of Distribution of Size of Particle of Sus- 
pended Material,’ Colloidal Symposium Monograph, 3, 
268 (1925); Ceram. Abs., 6 [4] 158 (1927). 

11C. E. Marshall, ‘‘New Method of Determining the 
Distribution Curve of Polydisperse Colloidal Systems,”’ 
Proc. Roy. Soc. {London}, 126A [802] 427-39 (1929) 
Ceram. Abs., 10 [1] 66 (1931). 



field,'? in a basket centrifuge from which samples 

are taken with the pipette at different time inter- 

vals. Here again, there is a possibility of the 

larger particles under the high accelerating 

forces carrying down smaller ones or exceeding 

their critical velocity. The continuous centri- 

fuge has also been used to determine the particle 

size by making a series of runs at various rates of 

feed and angular velocities. Hauser and Reed" 

developed an interesting mathematical treatment 

for obtaining the particle size in this way.. The 

continuous centrifuge is particularly satisfactory 
for producing quantities of given size fractions, 

but it is a rather long and laborious test for routine 

size analysis. 

The microscope, of course, can be used to 

measure particle sizes, and, as this is a direct 

method, the results are subject only to a cor- 

rection factor for the diffraction in the mount- 

ing medium. It is possible, however, to measure 

particles only above 0.5 micron in diameter as 

described by Ashley and Emley."* It may be 

noted that the microscope method can be used 

much more readily on a clay which has been 

classified into a series of nearly monodispersed 

systems, so that the particle size in any one group 

is substantially the same. The ultra-microscope 

will allow counting the particles in the smaller 

size ranges and, by knowing the weight of solid 

per unit volume of liquid, the average size can 

be computed. 

A number of optical methods, such as the 

Tyndall effect, have been proposed for the 

measurement of particle size. This method, 

of course, is indirect, and at present there is not 

sufficient information to determine the validity 

of the laws proposed. Should such a correlation 

be developed, the optical method would prove a 

simple and direct way to measure particle size. 

The X-ray method has also been proposed as 

a means of measuring particle size by the broaden- 

ing of the lines in the powder pattern. Up to the 

present time, this method has not been satis- 

factorily used for clays. It seems clear, however, 

437. G. Steel and R. Bradfield, ‘Significance of Size 
Distribution in the Clay Fraction,’’ Amer. Soil Survey 
Assn., Rept. 14th Ann. Meeting Bull., No. 15, pp. 88-93 
(1934); Ceram. Abs., 14 [1] 21 (1935). 

13 EF. A. Hauser and C. E. Reed, “Studies in Thixotropy: 
I,”’ Jour. Phys. Chem., 40, 1169 (1936). 

14H. E. Ashley and W. E. Emley, “Errors in Determining 
Sizes of Grains of Minerals and the Use of Surface Factors,” 
Ind. Eng. Chem., 3, 87 (1911). 
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that this method can be used only on particles 

below 0.1 micron in size and, as will be shown 

later, few clays have any large amount of mate- 

rial below this limit. The X-ray method, how- 

ever, has certain distinct advantages in that it is 

a direct method for measuring crystal size with- 

out regard to agglomeration of particles, and it 

also gives promise of determining the particle 

shape which is of the greatest interest in any 

work on plasticity. 

Reviewing these various methods, it was de- 

cided that the Casagrande’ hydrometer method 

would be used down to 2 microns particle diameter 

as the simplest and most convenient way of car- 

rying out the test and because the corrections 

have been so carefully worked out. When the 

particles above this limit had settled below the 

hydrometer bulb, the suspension in the same 

vessel was slowly revolved in the basket of a 

centrifuge to increase the accelerating force. 

After a short period the machine was stopped, 

a reading taken, and the speed of the centrifuge 

was increased by steps, with readings between 

each step, until the highest speed in Table I 

was reached. This was maintained until all the 

measurable particles were sedimented out of the 

suspension. This method seems to permit, with 

one suspension and one measuring instrument, 

the continuous measurements of sizes from 30 

microns down to 0.05 micron in diameter with 

simple equipment. While the test usually takes 

two to three 8-hour days, a more powerful cen- 

trifuge could be made to speed up the settling 

of the finer particles if this was found desirable. 

While this study was made only on particles 

below 30 microns in size, it is quite simple to 

obtain the distribution in the range from 100 to 

30 microns by using a long-stem hydrometer 

with another sample as described by Casagrande. 

ll. Apparatus 
The principal piece of equipment required for 

this test is a specially built centrifuge containing 

large baskets for the sedimentation tubes. This 

centrifuge is shown in Fig. 1, with sufficient detail 

to allow a similar one to be constructed. The 

suspension is contained in large test tubes with 

the dimensions shown, supported on the felt pad 

in steel baskets, which in turn are pivoted at 

the ends of the centrifuge arm. This pivot is 

twenty inches from the center of revolution 

which gives a comparatively long radius so that 
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Fic. 1.—Long arm centrifuge. 

the change in accelerating force between the top 

of the suspension and the point at which the 

densities are read is comparatively small. 

The centrifuge is driven by a quarter-turn 

belt from a 2 horse-power direct current motor 

at a maximum speed of 600 r.p.m. This motor 

has sufficient resistance in the armature circuit 

to allow the centrifuge to be stopped and started 

gradually, and it also permits running at any 

desired speed. The streamlining of the centrifuge 

arms is highly desirable, as it reduces the power 

consumption to one-third and cuts down the 

noise emitted. The speed of the centrifuge is 

read at all times by an electric tachometer belted 

directly to the centrifuge shaft. This machine 

has been operated satisfactorily for a year, and 

it is absolutely free from vibrations, an es- 

sential requirement for accurate sedimentation 
work. A more powerful machine could be con- 

structed to run at higher velocities and carry 

more baskets by using one-half of a light auto- 

mobile axle set vertically with the motor directly 

connected to the horizontal drive shaft. 
The hydrometer used is the top-type bulb 

(Eimer and Amend 31011/3). The vessel for 

holding the comparison liquid is a standard 

1000-cubic centimeter graduate. 

Ill. Test Method 
A 13-gram sample of the clay is shaken in 

300 cubic centimeters of distilled water to which 

have been added 0.13 gram (1%) of Daxad 

No. 23 (Dewey & Almy Chemical Co.). This 

is put through a hand homogenizer (Central 

Scientific Co., No. 70180), and transferred to a 

quart fruit jar. The jar is attached to a ball- 
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mill frame and tumbled end over end at 60 r.p.m. 

for five days. 

The sample is then transferred to the glass 

container, used in the centrifuge, and diluted to 

exactly 650 cubic centimeters. A 1000-cubic 

centimeter graduate is filled with a solution of 

0.2 gram Daxad No. 23 in 1000 cubic centimeters 

of distilled water to be used as a standard in 

checking the hydrometer. Just before starting 

a run, the sample is shaken end over end to form 

a homogeneous suspension; sheet rubber is tied 

over the top to prevent spilling. The time is 

taken from the instant the container is placed in 

the metal basket of the centrifuge. After one- 

half minute, the hydrometer bulb is carefully 

inserted into the suspension, and the specific 

gravity is read at the top of the meniscus exactly 

one minute from the start of the test. The bulb 

is first immersed slightly deeper than the equi- 

librium position to assure a good meniscus. 

About twenty seconds is allowed for the insertion 

or removal of the hydrometer to prevent eddy 

currents. The stem of the bulb must always be 

kept clean to obtain a good meniscus. 

Two different samples are run concurrently in 

the present centrifuge; the second is started 

twelve minutes after the first sample to prevent 

any necessity of hurrying the early readings. 

After the first ten minutes of the test, every 

specific gravity reading in the suspension is 

accompanied by a corresponding reading taken 

in the standard solution also at the top of 

the meniscus. The temperatures of these two 

are adjusted to be equal within 0.3°C at the 
start of the test, and they are kept equal through- 

out the run. In this way, temperature correc- 

tions for the hydrometer are eliminated, because 

the value sought is the difference in specific 

gravity between the two and not the actual 

value of the specific gravity of the suspension. 

Temperature readings, precise to within = 0.2° 

C, are taken in each container for every test 

point, and the temperature is kept as constant 

as possible during arun. The hydrometer, when 

not in actual use, is wiped off and placed in the 

graduate containing the clear Daxad solution. 

The times at which the specific gravity should 

be read were determined arbitrarily to divide the 

region between 50 microns and 0.1 micron into 

twenty approximately equal divisions when the 

data are plotted on semilogarithmic paper. 

Table I gives these time intervals, speed of 
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rotation, and the total elapsed time of equivalent 

gravity settling, based on an effective centrifuge 

radius of 49 centimeters. 

TABLE I 

Total 
equivalent 

time 

gravity 
settling 

(minutes) 

Time 
interval Speed 
(minutes) (r.p m.) 

1 Stationary 
2 

2 
5 

10 
10 
30 

(hours) 

1 
1.5 
2.5 

(minutes) 

In using the centrifuge, the elapsed time was 

taken between starting the centrifuge and shutting 

off the current to the motor. The acceleration 

and deceleration were rapid enough so that this 

approximate procedure was justified. The start- 

ing and stopping, however, must not be so sudden 

as to cause swirling of the suspension. In the 

tests carried out, the first day’s run extended 

through 493 hours so that any short interval of 

gravity settling after that time was practically 

negligible. 

To change the data obtained from the sedi- 

mentation run into a distribution curve, the 

particle size or equivalent spherical diameter 

corresponding to each reading, must be deter- 

mined, as well as the percentage of material 

finer than this size. Using Stokes’ law, the 

size which has settled to the center of the hy- 

drometer bulb is easily obtained from the Casa- 

grande nomographic chart'®. It is necessary 

18 These charts may be obtained from Julius Springer in 
Berlin, or from the Soil Mechanics Laboratory, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 

to calibrate only the distance-settled scale of 

the chart against the specific-gravity scale of the 

particular hydrometer used. Directions for this 

and also a key to the chart are given on the 

chart itself. 

In using this distance-settled scale, a small 

meniscus correction (about 0.0003) must be 

added to the hydrometer reading, inasmuch as 

the actual distance settled is from the surface of 

the suspension (not the top of the meniscus) to 

the center of volume of the bulb. The value 

used on the temperature scale of the chart, 

which corrects for the temperature effect on the 

viscosity of water, should be the average over 

the test period up to the time of that reading. 

For effective settling periods of more than 50 

hours, better accuracy can be obtained with the 

chart by taking advantage of the fact that the 

size is given by the equation, 

D = kt": 

Where D = diameter. 
t = time. 

Thus the equivalent time is divided by a factor 

of one hundred and, using this new time value, 

the size obtained from the chart is divided by 

ten to give the correct value. The reason for 

this step is to avoid large slopes between cor- 

responding points on adjacent scales, a condi- 

tion which decreases the accuracy of values 

obtained from the chart. 

To determine the percentage of material 

finer than any given size, the following equation 

is used: 

S x 
W% = — d) X 10 

© 

DIAMETER 

PER MICRON 

8 

PER CENT FINER 

PER CENT WEIGHT 

EQUIVALENT SPHERICAL DIAMETER IN MECRONS (0) 

Fic. 2.—Size distribution for a typical clay plotted with 
linear codrdinates 

1 
3 
5 

10 
20 
30 

(hours) 

2 
3.5 
6 

30 125 10.3 
15 200 15.8 
30 200 27 
30 300 52 
30 400 95 
30 500 164 
30 550 247 

(hours) 

1.25 600 493 
1.75 600 835 
3 600 1420 
3.5 600 2110 
4.5 600 2980 
8 600 4550 



Norton and Speil 

II 

Equiva- 

Centrifuge ccttiing 
speed tion X time Temp Reading Blank Size (R — @) 

Time (t.pm.) gravity (minutes) R d R+C (microns) X (%) 

9.12 0 1.0 

9.13 U 1.0 1 24.2 1.0106 0.9996 1.0109 29.0 11.0 91.7 

9.15 0 1.0 3 1.0103 1.0106 17.2 10.7 88.8 
9.17 0 1.0 5 +1.0097 9996 1.0100 13.8 10.1 84.2 
9.22 0 1.0 10 1.0092 1.0095 10.0 9.6 80.0 
9.32 0 1.0 20 24.2 1.0084 .9995 1.0087 7.4 8.8 73.0 
9.42 0 1.0 30 1.0078 . 9995 1.0081 6.15 8.2 68.5 

(hours) 
10.12 0 1.0 1 24.5 1.0070 . 9995 1.0073 4.5 7.5 62.5 
11.12 0 1.0 2 24.4 1.0060 . 9995 1.0063 3.3 6.5 54.4 
12.42 0 1.0 3.5 23.9 1.0054 . 9997 1.0057 2.5 5.7 47.5 
3.42 0 1.0 6.5 23.7 1.0048 .9998 1.0051 1.92 5.0 41.9 
3.49-4. 16 125 8.6 10.3 24.2 1.0043 . 9997 1.0046 1.54 4.6 38.6 
4.29-4.44 200 22.0 15.8 24.5 1.0039 . 9995 1.0042 1.25 4.4 36.6 
5.00-5.30 200 22.0 26.8 24.1 1.0030 . 9996 1.0033 1.00 3.3 27.8 

5.40-6.10 300 49.5 51.5 23.8 1.0023 . 9997 1.0026 0.73 2.6 21.6 
6.19-6.49 400 88.0 95.5 24.9 1.0015 . 9993 1.0018 0.56 1.9 15.8 
6. 58-7 .28 500 137.0 164 25.7 1.0003 .9991 1.0006 0.42 1.2 10.4 
7.39-8.09 550 166.0 247 25.7 1.0000 . 9991 1.0003 0.35 0.9 7.6 
11.16-12.31 600 196.0 492 26.3 0.9994 . 9990 0.9997 0.25 0.4 3.6 
1.00-2.45 600 196.0 834 27.1 0.9990 . 9988 0.9993 0.19 0.2 1.7 
3.00-6.00 600 196.0 1422 28.0 0.9986 . 9985 0.9989 0.145 0.1 0.8 
9.00-12.30 600 196.0 2107 28.1 0.9986 . 9986 0.9989 0.12 0.0 0.0 

1.00-5.00 600 196.0 2990 27.7 0.9988 . 9988 0.9991 0.10 0.0 0.0 

Where S = specific gravity of suspended material. 
C = concentration of suspended matter in grams/ 

liter. 
R — d = difference in specific gravity between suspen- 

sion and corresponding standard reading at 
same temperature. 

The specific gravity of the clay can be obtained 

in a pycnometer bottle but runs close to 2.58 

for kaolinite types of clays. To make this 

method clearer, an actual example is worked 

out in Table II. 

IV. Plotting Methods 
The graphical representation of the results of 

a size analysis is generally carried out by plotting 

the weight per cent, W, finer than a given size 

as ordinates against that size, D, as abscissas. 

This method is shown in curve P of Fig. 2. A 

better picture of the distribution, however, can 

be obtained by plotting the function > against 

D as in curve M. This curve represents the 
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Fic. 3.—Size distribution for a typical clay plotted on semilogarithmic paper. 
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Fic. 4.—Accumulative particle-size curves for a number of ceramic clays. 

slope of P and the area under it between any 

sizes D, and D, will be 

Di dw f ydx 

Therefore the weight of particles between D, and 

D, in Fig. 2 is equal to 

Ww 

dW = Wo, — Wor. 
Wo, 

area between D, and D, 
Total weight of sample X —— 

total area under M 

For example, the line at 50% W cuts the P curve 

at 2.3 microns, through which a vertical line 

divides the area under M into two equal parts. 

The distribution curve in Fig. 2 brings out 

strikingly the fact that clays have a large pro- 

portion of the particles in a very narrow range of 

sizes. The curve, however, is so crowded into 

the fine end that little precision is possible in 

reading the plot in this range. For this reason 

it has been found better to plot the same data on 

semilog paper as in Fig. 3. Here the char- 

20 

IN PER CENT WEIGHT PER MICRON DIAMETER 

dw dD 

10 5 

EQUIVALENT SPHERICAL DIAMETER IN MICRONS 

Fic. 5.—Size distribution curves for a number of ceramic clays. 
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acteristics of the distribution in the fine fractions 

are brought out clearly, but the areas under the 

distribution curve have to be corrected for the 
scale, if they are used quantitatively. As in 

Fig. 2, the line passing through 50% of W cuts 
the P curve at 2.3 microns and divides the plotted 
area under M into two equal parts. The actual 

area on the diagram, however, is quite different 

on the two sides of the line. The experimental 
points on the P curve show the consistency of 

the observations. 

V.  Particle-Size Curves of a Number of Clays 
In Figs. 4 and 5, there are shown size-distribu- 

tion curves of a number of clays used in the white- 

ware and paper industries. A description of the 

clays is given in Table III, and while the samples 

are believed to be representative of the deposits, 
this fact can not be positively stated because the 

clays were not taken from the beds themselves. 

Nor is it intended to give the impression that 
these particular clays are all representative of 
their districts. 

TABLE IIT 

Location Name 
of of 

Symbol deposit clay Source 

A Georgia Klondyke crude Edgar Bros. Co. 

C Florida E.P.K. Edgar Plastic 
Kaolin Co. 

D_ South Peerless R. T. Vanderbilt 
Carolina Co. 

E North North State Boyd & Sant 
Carolina 

F England VC-1 china Paper Makers Im- 
porting Co. 

G = M.W.M. china Moore & Munger 
H - No. 90 English Paper Makers Im- 

ball porting Co. 
I Kentucky No. 4 Old Mine Ky.-Tenn. Clay 

ball Co. 

The Klondyke Crude is a secondary kaolin 

from Wilkinson County, Georgia, used in the 

whiteware industry and, after refining, as a paper 

clay. The No Karb, a washed fraction from the 

preceding kaolin, shows a wide range of sizes. 
The Florida kaolin possesses a much finer grain 

size than the other kaolins as would be expected 

from its physical properties. The Peerless kaolin 

is from a secondary deposit of South Carolina, 

and the North State is a washed primary kaolin 

from North Carolina. The English china clays 
are used largely in the ceramic industry. It 
will be noticed that clay M.W.M. shows two 

definite peaks in the distribution curve, which 

would indicate possibly that two types of mineral 

were present. The ball clays, used in the white- 

ware industry, show fine grains, but surprisingly 

enough little more in the finer ranges than the 

Florida kaolin. Their greater dried strength and 
plasticity must be due in part to the contained 
organic colloids. 

One of the most striking facts is the very sharp 

cut-off at the lower size limit and the small 

amount of material below 0.1 micron. In ben- 

tonites, on the other hand, most of the material 

is below this limit. 

VI. Precision of the Results 
The necessity of careful deflocculation of the 

original clay is quite evident if the particle size 
is determined by sedimentation methods. The 

pretreatment of the clay described in this paper 

has been carefully worked out to give complete 

deflocculation on the average ceramic clay. It 

may well be found, however, that certain impure 

clays containing high percentages of lime or 

soluble salts might have to be acid-washed or 

dialyzed, as noted in some of the references," 

to achieve complete deflocculation. If there is 
any question about the completeness of the 

dispersion, it is well to check a sample of the 

suspension on a microscope slide where any ten- 

dency to flocculate can be readily noted. 

While it would be highly desirable to carry out 
these sedimentation tests at constant tempera- 

ture, this is difficult to accomplish with the 

centrifuge because it can not be placed in a water- 

bath as can a simple sedimentation vessel. 
While it is usually possible to hold the room 

temperature reasonably constant, there may be 

temperature changes of as much as + 5°F in 
the ordinary laboratory. 

The change in temperature affects the calibra- 

tion of the hydrometer but, in the method de- 

scribed here, this is compensated for by using a 

blank solution at the same temperature as the 

test suspension. The change in viscosity of the 

water is not so easily corrected for with large 

temperature changes because an average tem- 

perature has to be assumed at each time interval 

for all of the time preceding this reading up to the 

start of the test. It is believed that most of the 

irregularities in the observed values are due to 

temperature variations. 

There is a slight correction to be applied to the 

particle-size curves owing to the length of the 

16 See footnote references 11 and 12, pp. 90 and 91. 
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hydrometer bulb. This is fully discussed by 

Casagrande’ and may be corrected for if neces- 

sary. This correction is of no great importance 
(less than 2%) on materials which contain a 

large range of sizes, and therefore has not been 

applied to the clays shown here. Should a 

nearly monodispersed fraction be tested, the 

correction at the coarser end might be con- 
siderable, amounting sometimes to as much as 

10%, and under these conditions the corrections 

must be applied. 

Because Stokes’ law is based on spherical 

particles, it is interesting to examine into the 

errors introduced when nonspherical particles 
are used in sedimentation. A number of ex- 

perimenters have determined the actual particle 

sizes microscopically and then computed them by 

sedimentation methods to get a direct com- 

parison. For example, Andreasen” studied ir- 

regular quartz particles in this way and found 

that if their average diameter was taken, it 

agreed within the experimental error with the 

size determined from Stokes’ law. Schramm 

and Scripture* studied the larger clay grains 

with the microscope and found that they averaged 

20% larger than when computed with the settling 
method. Casagrande*® found about the same 

difference when using irregular quartz particles, 
but with ground mica, the actual maximum 

diameter was about three and one-half times 

the diameter computed from settling. Inasmuch 

as the microscope would generally measure the 

maximum dimensions, it is probable that the 

mean diameter would agree closely with the com- 

puted value from sedimentation tests, except in 

the case of extreme platelike particles. 

When studying the finer fractions of clay, 

A. H. M. Andreasen, “Validity of Stokes’ Law for Non- 
Spherical Particles,” Kolloid-Z., 48, 175-79 (1929); 
Ceram. Abs., 9 [1] 66 (1930). 

a direct comparison between the true and com- 

puted diameters unfortunately can not be made 

but, because the particles are undoubtedly 

platelike, the particles would be expected to be 

somewhat larger than computed from settling 

rates; just how much larger has not been deter- 

mined. It is hoped that when the measurement 

of these particle sizes by the X-ray has been 

developed a little further, an actual comparison 
can be made in the finer sizes. This correction 

factor, however, would probably be substantially 

the same for all clays so that, for practical pur- 
poses, the equivalent spherical diameter is 

satisfactory. 

Vil. Comparison with Other Experimenters 
In the literature, there will be found a con- 

siderable mass of data on the size of clay particles 

down to approximately one micron, determined 

mainly by sedimentation methods. It is dif- 

ficult to make a direct comparison between these 

data and figures presented here, because the 

variation in clays of one type is considerable, 

but it may be said in general that the agreement 

is within the probable error in every case. When 

it comes to the consideration of particles smaller 

than one micron, few data have been published. 

The work of Bray"* on a Kentucky ball clay and 

a North Carolina kaolin, however, gives values 

in fair agreement with the results in this study. 
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TEMPERATURE MEASURING CONES* 
By Ropert F. RBA 

ABSTRACT 

A series of pyrometric cones that measure temperature independent of the rate of heat- 

ing has been developed. These cones are mixtures of inorganic salts and melt congru- 

ently. 

K,SO,-KBr, and Na;SO,-NaBr. 

|. Introduction 
The observation of the melting of a substance 

which has definite melting characteristics is a con- 
venient and useful method of measuring tempera- 

ture. Pyrometric cones, which have been used 

in the ceramic industry for more than fifty years, 

are the most common example of this method. 

These cones are slender trihedral pyramids made 

of a mixture of various minerals, such as kaolin, 

quartz, feldspar, talc, calcium carbonate, ferric 

oxide, etc. There are sixty different cone bodies 

having an average interval of about 25° between 
adjacent cones. The lowest melting cone has an 

end-point of about 600°C and the highest melts at 
2015°C. In practice, from three to six cones are 

mounted in a clay plaque and placed in the kiln 

among the ware. These cones are used as a guide 

to firing, the temperature being raised until a pre- 

determined cone has attained its end-point, and 

as a check on the final temperature reached. By 

placing cones in various positions in the kiln the 

heat distribution can be controlled. 

The melting of such silicate mixtures is charac- 

terized by the formation of liquids of very high 

viscosities. To reduce the viscosity to a point 

where the liquid will flow often requires a consid- 

erable degree of superheat. The first liquid to 

form on heating such a mixture starts at a tem- 

perature considerably below the melting points of 

the individual constituents. With increasing 
temperature, this first liquid, called the eutectic, 

gradually dissolves the remaining solids until the 

mixture is completely melted. The range in melt- 

ing depends on the minerals constituting the sys- 

tem and upon the particular composition chosen. 

This range may often be several hundred degrees. 

If the original mixture had the eutectic composi- 

* An Edward Orton, Jr., Ceramic Foundation Fellow- 
ship study. Submitted in partial fulfillment of the re- 
quirements for the degree of Doctor of Philosophy, Ohio 
State University, June, 1937. 

Scheduled for presentation at the Fortieth Annual 
Meeting, American Ceramic Society, New Orleans, La., 
March 27-April 2, 1938. Received October 30, 1937. 
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Melting-point data are presented for the three binary systems MgSO,-Li,SO,, 

tion, there would be no range and the mixture 

would have a melting point. 

From these facts, it may be seen that a pyro- 

metric cone does not have a definite melting point 

because such a cone will deform only when the 

amount and viscosity of the liquid phase permits. 

The rate of heating influences the action of the 
cones, a slow rate allowing a greater solution of 

the minerals than a fast rate of heating. If the 

temperature is raised rapidly, there will be a 

smaller amount of liquid present, and a higher 

temperature will be required to reduce the viscos- 

ity to a point where the cone will deform than for 

slower rates of heating. Because it can not be 

readily determined when the cone mixture is com- 

pletely molten, the end-point is arbitrarily taken 

as the temperature at which the tip of the bend- 

ing cone just touches the plaque in which the cone 

is set. The temperature interval between the 

start of deformation and the end-point averages 

about 25°. 
Ceramic ware, like pyrometric cones, in general, 

are mixtures of silicate minerals. Because the 

factors of time and temperature affect the ware 

and the cones alike, cones are useful for controlling 

the progress of firing of ceramic products. 

It can thus be said that pyrometric cones are not 

pyrometers, 1.e., they do not measure tempera- 

ture; rather they measure what is often referred 

to as “heat-work’’ because of the element of time 

which enters. 

In industrial practices, where it is desired to 

measure temperature, a new type of cone is 

needed. Such a cone must not be affected by the 

rate of heating. There is need of this type of cone 

in metallurgical annealing and heat-treating fur- 

naces, porcelain enameling furnaces, and glass 

annealing leers. It is not expected that these 
cones will entirely replace pyrometers; they have 

the advantage of convenience, however, in that 

long lead wires and expensive recording instru- 

ments will be unnecessary. Thermoelectric py- 

rometers, furthermore, require frequent calibra- 



tion, a thing that will be unnecessary with the 

cones. These cones may, in fact, be used as fixed 

points in the calibration of thermocouples or other 

types of pyrometers. 

ll. Requirements 
The cone series must meet the following require- 

ments: 

(1) The melting temperatures should cover the 
range between 500° and 1000°C with an interval 
between adjacent cones of not more than 20°. 

(2) The cones should melt completely at a con- 

stant temperature. This congruent melting is 

found only in elements, compounds, and eutectics 

of elements or compounds. The liquid formed 

on melting should be of sufficient fluidity to in- 
sure the deformation of the cone and not require 

a superheat as in the case of the pyrometric cones 

now used. 

(3) The action of the cones must not be affected 

by strongly reducing or oxidizing conditions in the 

furnace. 

(4) The constituents of the cones must not be 

volatile or subject to decomposition at the tem- 

perature of melting. 

(5) The cones must be capable of rapid heating 
to their melting temperature, 7.e., they must not 

spall or bloat when placed directly into a hot fur- 

nace. 

(6) The cones should be stable under ordinary 

atmospheric storage conditions. They must not 

swell up or dissolve owing to the absorption of 

moisture from the air. 

(7) The constituents should not be so expensive 
as to prohibit their use commercially. 

Inorganic salts were chosen rather than metals 

because of the tendency of most metals to oxidize 

at their melting temperature. Many salts are 

stable both in oxidizing and reducing atmospheres. 

The melting temperatures of inorganic salts and 

salt mixtures have been studied by numerous in- 

vestigators.' In this study many of the eutectics 

given in the literature were checked and, in a few 

cases, where no data were available, certain sys- 

tems were studied with the view of obtaining the 

composition and temperature of the eutectic. 

lll. Behavior of Salt Compositions 
Briefly, the method of studying the melting 

behavior of a salt composition is as follows: 

1 The most complete compilation of results is found in 
Vol. IV, International Critical Tables. 
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Twenty grams of a salt mixture were placed in a 

platinum crucible and set in an electric furnace. 

This furnace was essentially a vertical tube, nine 

inches long and two inches in diameter, wrapped 

with nichrome wire. The tube was open at the 

top and the bare tip of a noble metal thermocouple 

was placed in the salt mixture. When the salts 

were melted, the furnace was turned off and the 

crucible was allowed to cool. The melt was 

stirred with the thermocouple until solidification 

occurred. The temperature of formation of pri- 

mary crystals was readily observed by the cloud- 

ing up of the otherwise transparent liquid. The 

eutectic temperature was established by the long 

halt in the cooling curve. 

When a composition was found to melt con- 

gruently, test cones were formed and these were 

set in clay plaques and placed in a furnace to ob- 

serve their melting behavior. 

Because no data are available in the literature, 

the following binary salt systems were studied 

with the object of obtaining the composition and 

temperature of the eutectics. A chemically pure 

grade of salts was used entirely. Temperatures 

were accurate to 2°C. 

(1) System Li.SO.-MgSO, 
This system was studied between the limits of 

0 to 75% magnesium sulfate. 

Temperature 
primary Tem- 

Weight Weight crystal- perature 
(%) (%) lization eutectic 

MgSO, (°C) °C) 

0 100 855 
5 95 822 812 

10 90 787 766 
15 85 745 660 
17.5 82.5 724 661 
20 80 699 662 
22.5 77.5 678 664 
23.75 76.25 666 664 
25 75 674 664 
30 70 730 662 
40 60 770 661 
50 50 805 661 
60 40 833 660 
70 30 910 835 
75 25 921 833 

The eutectic in this system is 24% MgSO, and 
76% LigSO, and melts at 664°C (Fig. 1). 

(2) System KsSO.-KBr 
This system was studied between the limits of 

0 to 40% potassium sulfate. Compositions with 
more than 40% K,SO, had rather high melting 
points and volatilization of potassium bromide ‘ 

was serious. 
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Temperature 

primary 
Weight Weight crystal- Temperature 
( (%) lization eutectic 

ig (°C) (°C) 

0 100 732 
10 90 704 660 
20 80 680 663 
30 70 663 663 
35 65 710 663 
40 60 74 663 

The eutectic in this system is 30% K2SO, and 
70% KBr and melts at 663°C (Fig. 2). 

(3) System Na:SO.-NaBr 
Temperature 

Weight Weight primary Temperature 
on (%) crystallization eutectic 

N Na (°C) (°C) 

0 100 740 
20 80 690 615 
30 70 668 615 
40 60 644 615 
46 54 624 616 
47 53 617 616 
50 50 629 618 
60 40 664 617 
70 30 730 614 
80 20 778 
100 0 885 
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The eutectic in this system is 47% Na2SO, and 
53% NaBr and melts at 616°C (Fig. 3). 

lll. General Conclusions 
(1) Only salts of potassium, sodium, lithium, 

calcium, strontium, barium, magnesium, alumi- 

num, and beryllium can be considered for use in 

this series. Salts of other metals are too expen- 

sive or are unstable under conditions of use. 

(2) In general, sulfates are the most satisfac- 

tory. They are not appreciably volatile nor is 

there any decomposition at the temperature at 

which it is proposed they be used. 

(3) Chlorides, bromides, iodides, and fluorides, 

in general, are too volatile to be used alone. In 

eutectic compositions where the melting tempera- 

ture is considerably below that of the halide salt, 

they may be used quite satisfactorily. 

(4) The tendency of carbonates is to decom- 

pose at their melting temperature when used 

alone, but they may be used in eutectic mixtures. 

(5) Most phosphates, borates, and silicates 

whose melting points lie within the range of this 

series are too viscous at their melting point. 
They may be used sometimes in combination with 
other salts. The viscosity of such a melt depends 

on the amount of the oxides, P:O;, BzO;, and 

SiO, in the melt. 

A series of salt compositions has been found 

that may have use in a cone series. The more 

promising are listed as follows: 

Temp. °C Composition (% by weight) 

503 NaLiCO; (Na:CO; 58.9% + LisCO; 41.1%) 
517 NaCl 34% + Na:SOQ, 15% + K:SO, 51% 
535 K,SO, 28.3% + LigSO, 71.7% 
565 NaCl 27% + SrCh 73% 
575 KCl 38.4% + SrCh, 61.6% 

100 Rea 

| NaBr Na,SO, J 
| | | 

| 

| 

| | | | 
| 
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KCl 48.7% + NaCO; 51.3% 
KF 39% + KCI 61% 
NaBr 53% + Na:SO, 47% 
NaCl 32.5% + NasSO, 67.5% 
LigSO, 34% + Na,SO, 66% 
NaCl 44% + NasCOs 50% 
KBr 70% + KsSO, 30 
MgSO, + LigSO, 
MgSO, 40 60% 
NaF 27.5% Neti 72.5% 
KCl 57% + K:SO, 43% 
KsSO, 72.1% + LisSO, 27.9 

% 
NaF - -Na,SO, (NaF 22.8% + Na,SO, 77.2%) 
NaF 53% + CaF; 47% 
K,SO, 25% + Na,SO, 75% 

Li,SO, 
CaSO, 37% + K.SO, 68% 
NaSO, 
Mixtures of NasSO, and 0-20% BaSoO, 
MgF; 17% + BaF; 83% 
2MgS0O,- K,SO, (MgSO, 58% + K:SO, 42%) 

3NaF -AlF; (cryolite) 

Other compositions may be found from time to 

time, and if the need arises the series can be ex- 

tended below 500°C or above 1000°C. The 
problem of forming the salts has not been com- 

pletely worked out. Both casting the molten 

salt and dry pressing the powdered mixture have 

been suggested. The latter method has been 

successful for making cones from salts that do not 

form a hydrate when water is added. A small 
ainount of water added to sodium or potassium 

chlorides, potassium sulfate, etc., results in a re- 

crystallization, giving very strong cones. In the 

case of such salts as sodium sulfate, magnesium 
sulfate, and others, however, which hydrate with 

water it is difficult to form cones. 
ENGINEERING EXPERIMENT STATION 
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QUADRANT-CHART TYPE NOMOGRAPH APPLIED TO CLAY SLIPS* 
By J. A. Pask 

ABSTRACT 

An example of the quadrant-chart type of nomograph for ‘‘changing the concentra- 

tion of a water-solid mixture to another desired concentration of 100 cubic centimeters 

volume” 

graphical solution are presented. 

|. Introduction 
Tedious and tiresome work often met in solving 

complex formulas that are frequently used can be 

easily minimized by obtaining graphical solutions 

of the equations in the form of nomographs of the 

quadrant-chart type. Results can then be de- 

rived simply by reading the chart in the proper 

manner with the substitution of the known values 

for the variables. 

To illustrate the nature and the possibilities of 

this form of calculation, the accompanying nomo- 

graph (Fig. 1) as applied to clay slips has been 
prepared for ‘‘changing the concentration of a 

water-solid mixture to another desired concen- 

tration of 100 cubic centimeters volume.”’ 

ll. Example 
The example indicated on Fig. 1 shows that 

56.8 grams of a suspension (having a specific 

* Scheduled for presentation at the Fortieth Annual 
Meeting, American Ceramic Society, New Orleans, La., 
March 27—April 2, 1938 (White Wares Division). Received 
November 22, 1937. 

and a general summary of the mechanics of construction of this form of 

gravity of 1.58 and 41% of solids) and 64.2 cubic 
centimeters of water are needed to form 100 cubic 

centimeters of a new suspension containing 20% 
of solids. 

Starting with the upper left corner quadrant, 

the graph is read clockwise. Following the ex- 

ample through, 41 is found on the horizontal scale 

of the first quadrant as the concentration of the 

original slip; read up vertically to the 20% line, 
representing the concentration of the desired sus- 

pension; read horizontally into the second quad- 

rant to the point representing a specific gravity 

of 1.58 for the original suspension; read down ver- 

tically into the third quadrant to the curved line; 

read left horizontally to the axis which gives the 

grams of original suspension required as 56.8. 

Then read on into the fourth quadrant to the 

point for a specific gravity of 1.58; and finally 

read down vertically to the axis, which shows that 

64.2 cubic centimeters of water are required. To 

insure proper sequence in reading the graph, the 

succeeding steps are marked from (A) to (G). 

101 

Temp.°C Temp. °C 

587 942 BaF, 70% + BaCl, 30% 

603 950 CaSO, 20% + NaSO, 80% 
616 956 SrSO, 30% + NaSO, 70% 
624 
630 
638 
663 
664 
670 
675 

680 

698 
700 CaSO, 21.4% + LieSO, 78.6% 

716 KLiSO, (K2SO, 61.4% + LieSO, 38.6%) 
746 MgSO, 29.8% + KsSO, 70.2% 
746 SrSO, 25% + LieSO, 75% 
750 NaF 11% + Na,SO, 899 
760 BaSO, 18% + LisSO, 82% 
780 

786 
815 

836 

856 

859 

867 
885 

885-912 

| 
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This procedure will give the values for changing 

any suspension, as well as clay slips, of known 

concentration and specific gravity to 100 cubic 

centimeters of another more dilute suspension. 

The graph is not applicable to problems where 

more concentrated suspensions are desired, how- 

ever, because in such cases, water is to be sub- 

tracted or evaporated instead of added. For 

these cases, the nomograph would require expan- 
sion. 

Ill. Construction 
This type of chart is one that adds one new vari- 

able with each additional quadrant, the first quad- 

rant having two. The equation, therefore, must 

be so arranged in parts that variables may be pro- 

gressively introduced, added, multiplied, or di- 

vided, without changing the final result which 
would be obtained by solving the equation as a 

whole. 

This point is illustrated by the following simple 

general equation: 

Ax + BY, pm 4 K = 
Cz 

Where A, B, C, D, and K = constants. 
x, y, , and m = variables. 

It can be seen that this may be divided in steps, 

or progressive summations, without affecting the 

102 Pask 

above an arbitrary percent - 

| 

| | | | 
| | | | 

| 
| 

| 



final result of the equation when taken as a whole. 

= Ax + Fy 

= 42 + By 
* Cz Cz 

Zr + Dm + K = 424594 Dm +X. 
4 

Thus, for this equation, a three-quadrant chart 

would be required, each summation representing 

a quadrant and the addition of another variable. 

Consequently, the nomograph will have as many 

quadrants as summations, the number being un- 

limited. 

In working with these graphs, the following-con- 

structional points are suggested: (a) if a variable 

appears more than once, the equation must be so 

rearranged that all of the terms containing that 

variable will be included in one summation; (0) 

parallel lines will represent additions or subtrac- 

tions; (c) diverging lines from some origin will 

represent multiplications, and divisions if the 

variable within the quadrant (not on the axis) is 

the denominator; (d) curved lines will represent 

divisions, if the variable within the quadrant is 

the numerator; (e) constants can be included 

with the variables without the need of additional 

quadrants; and (f) the degree of accuracy will 

depend on the size of the graph and the limits se- 

lected for the variables. 

The following equations were developed for the 
construction of the accompanying nomograph: 

100 

1 

@) 
(E) 
(F) 

Where (£) = grams of original suspension required to 
make 100 cc. of desired suspension. 

(G) = cc. of water needed to obtain 100 cc. of desired 
suspension. 

(A) = per cent solid in original suspension. 
> (B) = per cent solid in desired suspension. 
, (C) and (F) = specific gravity of original suspension. 

(The symbols correspond with those on the graph.) 

(EZ) = (A) 

(B) 

(G) = 100 — 

These equations were divided into the following 

> summations from which the nomograph was 

drawn: 

Quadrant-Chart Type Nomograph Applied to Clays Slips 

= (A) (B) 

a 

Zs = (G) = 100 

Thus, there ere four summations and four 

quadrants. The range of values for each variable 

is given within the quadrant and those for each 

summation are represented on the farther axis of 

the quadrant going clockwise. The values for 

>, and 2», intermediate steps, are not shown be- 

cause they have no immediate significance. Ex- 

amining the graph, the first quadrant is found to 

have diverging lines, the variable within the quad- 

rant being the denominator of a fraction; the 

second quadrant has parallel lines, the function 

being essentially a subtraction; the third quad- 

rant has a curved line, the variable (in this case 

having only one value of 100) being the numerator 

of a fraction; and the fourth quadrant has diver- 

gent lines, inasmuch as the variable within the 

quadrant essentially is the denominator of a frac- 

tion, and the constant 100 is incorporated into the 

function. 

IV. Conclusions 

Although the chart was drawn especially for 

clay slips, it can be applied to any type of suspen- 

sion, including enamels, glazes, or slurries, #.e., 

solids suspended in water. 

Nomographs are of value where calculations 

occur frequently. They are time-savers and 

preventers of mistakes, and all that is required of 

the operator is a knowledge of the procedure of 

reading the graph and a straight edge. The con- 

struction is fairly simple and may be applied to any 

type of equation. Ingenuity, however, is required 

in the assemblage of the equations in the proper 

form and choice of the proper order of variables. 

DEPARTMENT OF CERAMIC ENGINEBRING 
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AN INVESTIGATION OF POWER REDUCTION AND MOISTURE CONTROL IN 
WASTE-HEAT DRYING* 

By J. M. McKrnevt anp R. R. Rosrnsont 

ABSTRACT 

The conditions existing in a firebrick drier of the usual continuous waste-heat type 

were analyzed and a description of the drier equipment and the results obtained are 

given. Observations were made on the amount of air flowing through the drier and the 

pressures and power required for air flow, and the relative humidity of the air entering 

and leaving the drier is given Calculations to determine the amount of air at a pre- 

determined temperature required for heating the ware are made, and methods of pro- 

cedure to reduce power and to control humidity are detailed. An account of the data 

collected after the changes were put into effect illustrates the possibility of lowering 

power costs, controlling humidity, and increasing the speed of drying as well as reducing 

the loss in ware. 

|. Introduction 
The uncertain performance of continuous waste- 

heat driers in the firebrick industry is too well 

known to need comment further than to point out 
that the method has come to be regarded as 

economically unsound if used without air and 

moisture control. Perhaps an examination of the 

fundamental physical changes that take place 

when clay dries will disclose the causes of the 

trouble experienced. 

Drying is the process of vaporizing the water 

which is mixed with ground clay. To vaporize 

a liquid, heat energy is required. When water 

absorbs heat, the vapor which is formed contains 

the heat energy in a potential form, so that at 

various temperatures it can be measured and is 
said to be exerted in the form of pressure. Thus, 

at 100°F, in a saturated atmosphere, the water- 

vapor pressure will be 1.95 inches of mercury, or 

approximately 0.96 pound per square inch. At 

110°F in a saturated atmosphere, the vapor 

pressure will be 2.6 inches of mercury, or 1.28 

pounds per square inch; at 130°F, the pressure 
will be 4.5 inches of mercury or approximately 

2.23 pounds per square inch. 
_In all probability the atmosphere inside a fire- 

clay shape is saturated with vapor within a short 

time after entering the drier. If the moisture 

from the surface evaporates and the surface clay 

becomes rigid, the pressure from within causes 

fissures. It seems logical to assume that if a 

vapor pressure of an intensity approaching that in 

* Presented at the Thirty-Ninth Annual Meeting, 
American Ceramic Society, New York, N. Y., March 25, 
1937 (General Session Symposium on Drying). 
March 30, 1937. 

+t North American Refractories Co., Cleveland, Ohio. 
t Robinson Ventilating Co., Zelienople, Pa. 
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the ware surrounds the clay at all times, the flow 

of vapor from the ware will be at such a rate that 

the energy, which vaporizes the water, will be held 

in check so to speak until this energy has pene- 

trated the entire body of the clay. Vaporization 

at the surface will then proceed at a comparatively 

slow rate because of the vapor pressure of the 

atmosphere. When the distribution of energy 

throughout the clay body is fairly uniform, the 

atmospheric vapor pressure may be released. 

The vapor will then flow from the clay continu- 

ously so that the surface will contain enough 

moisture to keep it plastic until the intense vapor 

pressure from the interior has been reduced. 

In the common continuous waste-heat drier, 

where the clay moves in a direction opposite to 

that of air flow, the clay shapes pass through 

atmospheres of varying temperatures, entering 

at the lowest and leaving at the highest. As the 

clay proceeds through the drier and absorbs the 

heat energy from the counter-flowing air, it 

exudes moisture so that the air at the colder end 

is not only lower in temperature but carries more 

moisture per pound of dry air and thus has a 

much higher relative humidity. (The relative 

humidity of the air is the relative amount of 

moisture which it contains to that which it could 

carry at saturation.) 
After considering these facts, experiments were 

tried to control and improve the performance of a 

waste-heat drier which was installed thirty years 

ago. Three specific objectives were (1) to reduce 

power consumption, (2) to increase the amount of 

ware dried, and (3) to improve the physical con- 
dition of the dry ware. 

In the drier under review, the amount of air 

required and the temperature available were such 



that the relative humidity of the cold end of the 

drier was very low in the absence of moisture 

addition. It was proposed to add the required 
moisture in the duct leading from the ki'ns to the 

fan. Such an addition of moisture (without 
control) has been used by Sydney Porter at 

Newell, West Virginia, and its use pointed the 

way for these experiments. 

ll. The Adjusted Drier 
The drying equipment consisted of.a 16-tunnel 

drier, 44 inches wide, 60 inches high, and 110 feet 

long. Each tunnel held 14 cars, making a total 

of 224 cars in the drier. These cars held a‘total 

of 500 nine-inch equivalents (101.25 cubic inches). 

The type of ware to be dried varied in size from 
9-inch straights to large blocks 18 by 9 by 4'/: 

inches. 

The air which supplied heat entered the drier 

through six openings in the floor of each tunnel 

and flowed upward through 3'/, cars, from 

whence it traveled horizontally to the opposite 

end of the drier and then through dampered 

openings in the floor of each tunnel to a cross duct. 

A supply fan of the flat-blade centrifugal type, 

with a wheel 13 by 6 feet and operating at 114 
r.p.m., exhausted heated air from the kilns and 
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discharged it to the drier. A fan of the forward- 

curve multiblade type, operating at 86 r.p.m., 

exhausted air from the drier and discharged up a 

stack. Fresh air entered the kilns through fire 

boxes and, after absorbing heat, passed through 

30-inch diameter curved goosenecks to the under- 

ground flues which led to the supply fan. 

Observations were made on the air flow through 

the drier, the power required for the fans, the size 

of the ducts in the yard, end the temperatures, 

both wet and dry bulb, in the drier. All flow 

tests were made with a pitot tube and differential 

gage (see Table I). On the basis of these data, 
several changes were suggested in the equipment, 

and an estimate of the possible savings was cal- 

culated (Table I). In addition, calculations 

were made for power for fans, and water for 

humidification on the basis of drying 40,000 
brick per day (see Table II). These figures 

showed the advisability of making the proposed 

changes. 

To reduce the power required, a backward- 

curved multiblade fan, 91 by 36 inches, was in- 

stalled in place of the old 13- by 6-foot supply 

fan. To improve the power saving further, the 

30-inch diameter goosenecks were replaced by 

30-inch square-section goosenecks, and the flues 

TABLE I 

CoMPARISON OF PowER Costs oF DrigR FANs 
(30,000 brick per 24 hours) 

Belt effi- 
s yf Cu. ft. Temp. Air- flici i I I No. kiln 

R.p.m. ‘ hi (CF) hp. Et B.-h.p. (%) (ee) ngs 

Present 114 28,300 1.32 182 5.86 19.5 29.95 Chain-95 90 35 26.15 2° 
New 198 28,300 1.32 182 5.86 70 8.36 “V"-95 90 9.79 7.3 2 

Exhaust fan 

Present Speed 86 29,000 0.415 109 1.89 20.7 9.12 95 80 12 8.95 2 
Future Speed 74 25,000 .205 120 1.16 20.7 5.6 95 80 7.35 5.49 2 

Power Cost at 1'/s Cents/Hr. 

Supply fan Per hr. Per 24 hr. Per 30 days Per 300 days 

Present $0. 3925 $9.41 $283 .00 $2830.00 
New . 1095 2.6275 78.80 788.00 

Money savings for 30,000 brick per day . 2830 6.7825 204.20 2042.00 

Exhaust fan 

Present speed $0. 13425 $3. 222 $ 96.66 $966.00 
Future speed .08235 1.9764 59.29 592.90 

Savings .05190 1.2456 37.37 373.10 

* Indicating number of 30-inch diameter goosenecks through which waste heat is drawn simultaneously. 
hy = total head or pressure in inches of water. 
Air-h.p. = power d by fan. 
E; = total fan efficiency. 
B.-h.p. = horse power applied to fan shaft. 
H.p. = horse power 

kilowatt-hour. 

Motor 

Kw. = 



McKinley and Robinson 

TABLE II 

Costs oF PoWER AND WATER FOR HUMIDIFICATION 
(for 40,000 brick per day) 

Drive Efficiency Gooseneck 
(cu. ft./ ht Temp.* Air- Es belt motor Power Input No. size 

Fan R.p.m. min.) (in.) (°F) hp. (%) B.-h.p. (%) (%) (h.p.) (kw.) kiln (in.) 

New 145 25,100 0.8 260 3.16 68 4.64 95 85 5.76 4.3 2 30 x 30 
New 138 25,100 0.7 2&0 2.77 66 4.20 95 85 5.20 3.88 3 

* Temperature at fan after air is tempered by spray and fresh air. 

Costs OF OPERATION 

Water 
Water/ Operating costs at 1'/: cents kw. at 

No. Input ~ 20¢/M 
Fan kilns (kw.) (gal.) Per hr. 24 hr. 30 days 300 days 

New 2 4.30 $0 .0645 $1.55 $46.45 $ 464.50 
New 3 3.88 .0582 1.40 42.00 420.00 
Water for humidity spray 727,500 .0202 0.49 14.70 147.00 

Fan, goosenecks, and 10 h.p. drive (cost) 1978.00 
Control equipment (cost) 1731.50 

3709. 50 
Interest at 6%, depreciation 10% $594.00 

Totrat Cost FoR POWER AND WATER PER YEAR 

Two kilns Three kilns 

Fan $ 464.50 $ 420.00 
Water 147.00 147.00 

611.50 567 .00 
Interest and depreciation 594.00 £94.00 

1205.50 1161.00 

Present power costs for supply fan for 30,000 brick 2720.00 2720.00 
1205.50 1161.00 

1514. 50 1559.00 Saving 

were cleaned and repaired to take advantage of the 

full size of opening. 

To increase the amount of ware dried, certain 

equipment was installed to record and control the 
temperature of the hot gases entering the drier and 

| 
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| 

> 

3 

Depreciation - Interest in Dollars / Year 
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r Rate in Cents / k w.hour 

Powe 

20 

| 4 

2 4 8 © 2 4 6 8 2 
Investment in hundreds of dollars 

Fic. 1.—Power saving evaluation; additional in- 
vestment justifiable to save one horse-power hour at 
different power rates, allowing depreciation of 10% 
and 6% interest on additional investment. 

the humidity of the exit air. The recording 

thermometer measuring the temperature of the 

hot air was arranged to open louvres near the fan 

intake to cool the waste gases when the tempera- 

ture exceeded a set limit. A series of water 

sprays was installed in the duct leading to the fan. 
These sprays were controlled by the wet- and dry- 

bulb instrument which recorded conditions in the 

cool end of the drier. The control of the tempera- 

ture at the hot end was set at 250°F and at the 
cold end 110°F dry bulb, with the spray control 

set to turn on the water when the dry bulb 

registered above 114°F. It was calculated that 
the dry bulb would thus drop to 110°F and the 

wet bulb would register 104°F, indicating that 
the relative humidity of the air at the cold end of 

the drier would be approximately 80%. 

lll. Drier Tests 
Several sets of tests were conducted on the 

driers under the improved conditions. The 
results are presented in Table III, together with 

calculations of savings in power. The calcula- 
tions for power and pressure were also made for a 
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TABLE III 

COMPARATIVE PERFORMANCE OF Drier SySTEM 

Dry Wet 
Water ecks bulb bulb Relative 

Cu. ft. gage Tempe. Kilns on i exit e.it humidity 
Test Date Fan R.p.m. min. (in.) line (in.) Lkw.? air air (%) 

(A) 12/22/35 Old 114 28,300 1.32 182. 0.0616 13,9' 30diam. 26.15 109 80 29 
114 1.60 70 .0746 13,9! 30diam. 8.96 

(B) 9/18/36 New 144 31,000 0.5348 200 .0609 2! 30x30 6.40 90 80 
= a 144 xe .6650 70 .0746 2! 30 x 30 15.25 

(C) 10/16/36 “ 145 28,000 .596 149 .0637 2,8! 30x30 7.24 
145 .694 70 .0746 2,8' 30x30 13.45 

(D) 12/23/36 145 23,500 .685 170 .0634 4,12 30x30/No 
145 .810 70 .0746 4,12 30x30 reading 10.45 

(E)* 3/4/37 “ 145 27,680 .4194 270 .05383 10,1 30 x 30 | No 50 100 19 
145 .5775 70 .0746 10,1 30x 30 | reading 14.6 Ref. (5) 

Power cost at 1'/: cents per kw.-hr Saving 

hr. day 300 days 365 days 300 days ys \ 365 days 

(A) $0. 3925 $9.41 $2830.00 $3440.00 
(B) .096 2.31 693 .00 844.00 $2137.00 $2596 . 00 
(C) . 1088 2.61 783 .00 953 .00 2047.00 2487 .00 
“4 No reading taken 

1 In these tests there was a considerable quantity of air leaking into the collecting flue and reducing the quantity and 
temperature of the air from the kilns. 

? Air density (Ib./cu. ft.). 
*I. kw. = input kilowatts. 
* EO = equivalent orifice (sq. ft.). It is calculated for air at standard weight to reduce the performance to a standard 

basis. The EO is the net orifice of passage of a duct system and is calculated by the formula 

0.0004 0 

Vh 
EO = 

Where Q = quantity of air (cu. ft./min.) 
h = head (in. of water). 
From the data, it is apparent that this orifice varies a great deal, depending upon the position of kilns with respect 

to the fan and upon the condition of the ducts through which the air passes. 
5 Data taken in tunnel instead of in flue. 
* Humidifying system out of order; test made before repairs were finished. 

TaBLe IV 

COMPARISON OF ESTIMATED POWER SAVING WITH ACTUAL SAVING 

_ Av. Cost of power per 
input 

Fan kw. (hr.) (24 hr.) (30 days) (300 days) 

Estimated saving Old 26.15 $0 .3925 $9.41 $283 .00 $2830 .00 
New 7.30 . 1095 2.63 78.90 789 .00 

Estimated saving 2041.00 

Actual saving Old 26.15 0.3925 9.41 283 . 00 2830.00 
New 6.81 1022 2.455 73.65 736. 56 

Actual saving 2093.44 

Reference to power-saving evaluation chart indicates the justifiable investment to be as follows: 

lh.p. X 0.746 X R X 24 X 300 

0.06 + 0.10 

19.34 X 0.015 X 24 X 300 _ mo 
0.06 + 0.10 

Substituting, = = $13.088.09 

The actual investment, including necessary duct cleaning, was approximately $2500.00. 

density of 0.0746 pound per cubic foot in order to 

have a common basis of comparison. 

Interruption owing to the Ohio River floods 

retarded the experiment considerably, but the 

data collected show a marked saving in money 

for power. Production was 36,000 equivalent 

brick per day during the week of January 11 to 

16, 1937. Improved operations have increased 

capacity of the drier to 40,000 equivalents per 

day. 
Figure 1 illustrates the amount of investment 

justifiable to save power at various costs of 

electric current. An examination of Table III 

with reference to the chart will show what invest- 
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ment would be justifiable to obtain the results 

shown in the tables. 

Table IV gives a comparison of estimated power 

savings and actual power saving on this installa- 

tion. A small additional saving in power has 
resulted from the slower speed of the fan at the 

end of the drier. 

Phelps and Marbaker 

IV. Conclusions 
(1). Changes in the fan, motor, and duct 

system resulted in a savings in power of 74% on 
the basis of the former performance. 

(2) The quantity of ware dried was increased 

20% with definite prospects of increase to 33'/;%. 
(3) No change in quality of ware was noted. 

KARCITE, A NEW CERAMIC MATERIAL FOR LABORATORY EQUIPMENT* 
By Stuart M. PHELPS AND Epwarp E. MARBAKER 

ABSTRACT 

A program of research and development is described that has resulted in the formu- 

lation and commercial production of a ceramic body, which, when impregnated with 

bitumens and heat-treated, becomes impervious because of the deposition of carbon, 

in the form of coke, in its pores. This material possesses properties particularly adapting 

it to use in the manufacture of sinks, drain pipe and fittings, and other forms of labora- 

tory and chemical plant equipment. 

1. Materials Used in Sink Manufacture 

(1) Stoneware 
Chemical stoneware finds wide use in the labora- 

tory and industrial fields because of its high resist- 

ance to acid attack. This material is a vitrified 

clay body, salt-glazed. The color varies from 

light buff to red-brown, depending upon the iron 

content of the clay body. It is nonporous and 

structurally strong. The utility of stoneware 

sinks is high and, because of the glazed surface, 

they are easy to keep clean. 

(2) Porcelain 
Porcelain sinks are made from a fine-grained, 

somewhat porous body to which a glaze is applied. 

The color and other characteristics of these sinks 

depend upon the properties of the glaze. 

(3) Soapstone 
Soapstone is a naturally occurring material 

widely used for the manufacture of sinks. The 

grade most suitable for the purpose is dense and 

relatively harder than ordinary soapstone. It is 

sufficiently soft, however, to permit its fabrication 

into slabs by sawing, and it is easily machined. 

Sinks are made by cementing and bolting together 

the tenoned and grooved slabs of the required 

sizes. The joints constitute lines of weakness, 

and great care must be taken in assembling the 

sinks to avoid leaks. The color of the material 

© Received April 8, 1937. 

The properties of the new material are given, and 

its application in other fields is considered. 

is gray. It may be finished to a high degree of 

smoothness. Soapstone is not readily attacked by 

acids and alkalis in the concentrations generally 

used. 

(4) Enameled Iron 
Sinks made from enameled cast iron are often 

installed in laboratories because of their relatively 

low cost. 

(5) Metal Linings 
When a high degree of acid resistance is required, 

wooden vessels lined with sheet lead find some ap- 

plication but they are not generally included i: che 

equipment of a chemical laboratory. Sinks made 

from Monel metal, nickel, or stainless steel present 

a fine appearance, and under suitable conditions 

give satisfactory service, but their first cost is high. 

ll. Specifications for the Ideal Material 
for Laboratory Sinks 

The object of the present study was to develop a 

material for sinks that will give long service without 

deterioration. Such a material should have the 

following characteristics: 

Workability: The material should be plastic so 

that it can be formed into complex shapes by suit- 

able molding procedures. 
Maintenance of Molded Form: The material 

should have low shrinkage in drying and firing to 

reduce to a minimum the possibility of warping. 

Transverse Strength: The material should be 



amply strong to facilitate handling in manufac- 

ture and to avoid excessive weight in the finished 

ware; thus a minimum of supporting members 

may be required in installation. 

(1) Properties of the Finished Ware 

Appearance and Cleanliness: The texture of the 

body should be of such a character that the ware 

can be finished to a high degree of smoothness. 

Impact Strength: The ware should be able to 

withstand reasonable mechanical abuse without 

danger of chipping or cracking. 

Scratching and Abrasion: The finished surfaces 

of the ware should be hard enough to resist the or- 

dinary wear and tear of hard service with no ap- 

preciable marring; and in case of accidental scar- 

ring, the original smoothness should be capable of 

restoration without undue expense. 

Imperviousness to Liquids: Liquids in contact 

with the surfaces of the ware should not be 

absorbed. This requirement is especially impor- 

tant when the drain of a sink is stopped in order 

that the latter may be used as a tank. 

Effect of Nonaqueous Solvents: The surfaces of 

the ware should not be stained by oily substances 

or affected in any way by organic solvents. 

Effect of Acids and Alkalis: The ware should be 

chemically inert; it should not be attacked by 

acids or by alkalis. 

lll. Advantages of a Ceramic Material 

These service requirements would probably be 

satisfied best by equipment made from a ceramic 

material, because the latter would be inherently 

resistant to chemical action and have the necessary 

strength, hardness, and uniformity of structure. 

Moreover, because the molding of such a body 

could, without serious difficulty, be carried out in 

a number of ways, it could be formed not only 

into sinks and slabs but also into other shapes. 

Ceramic bodies, however, are porous unless they 

are fired to vitrification, as in the case of chemical 

stoneware. Such dense materials, during firing, 

have a marked tendency to warp and the surfaces 

often become uneven, and therefore it was obvious- 

ly undesirable to work with them. 

By the proper selection of ingredients, it is pos- 

sible to make bodies that have relatively low dry- 

ing and firing shrinkage and therefore remain 

straight in processing, and also, after firing, possess 

‘sufficient strength and hardness. They are, how- 

ever, quite porous, and to overcome this condi- 
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tion the idea of impregnation with suitable sub- 

stances was conceived. 

Impregnation with sulfur and bakelite in or- 

ganic solvents gave excellent results, including in- 

creased strength and hardness. It was found, 

however, that saturation of the body with suit- 

able bitumens, followed by destructive distillation 

to remove volatile constituents, resulted in the fill- 

ing of the pores with a residue of carbon in the 

form of coke. This product fulfills even more per- 

fectly the requirements of the ideal specifications. 

IV. Development of the Ceramic Body 

Because of the increase in the strength and 

hardness of the body brought about by impregna- 

tion and coking, great inherent strength was not 

essential. This fact was advantageous because 

the required machine work could be carried out 

with ease and economy directly after firing when 

the ware was comparatively soft. It was neces- 

sary, however, to control the permeability of the 

body to obtain the correct balance between ab- 

sorption of the impregnant and strength of the 

finished material. 

Bodies were prepared from mixes of clays in 

which the desired structure and strength were 

developed at temperatures from 1000° to 1250°C. 

A satisfactory grog was prepared by firing a 

mix of the same composition as the plastic part of 

the mix to approximately the temperature re- 

quired for firing the completed body. This ma- 

terial, uniform in composition and open in struc- 

ture, assured a permeability of the same order as 

that of the finished body. 

The permeability of the body was increased by 

incorporating with it organic substances that were 

subsequently burned out in firing. Combustible 

materials, such as pitch, coke, wood flour, and 

other finely divided cellulosic substances, were 

used experimentally. Paper pulp produced the 

best results generally because the knitting action 

of its long fibers increased the strength of the body 

in the green and dry states. It was found, how- 

ever, that for hand-pressing, the plastic flow was 

decreased too much, and for that reason, in this 

instance, wood flour was substituted with satis- 

factory results. 

The requirements of the body from the stand- 

point of workability, proper drying, and the 

development of the desired structure and strength 

by firing at 1025°C were found to be met fully by 
a batch consisting of 70% grog (60- to 80-mesh) 
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and 30% plastic mix. The latter consisted of 

slip clay 9%, ball clay 20.7%, and paper fiber 
or wood flour 0.3%. The water content of the 

batch varied according to the molding operation 

to be used, stiff mud for sinks requiring about 

23% and slurry for slabs about 35%. 

V.  Impregnants 
Impregnation with bitumens and subsequent 

coking was considered to be an ideal means of 

attaining the required impermeability, and the be- 

havior of a large number of such substances was 

studied. The criteria sought included low vis- 

cosity to insure rapid and complete penetration, 

and a high carbon residue with low contraction 

during heat treatment to prevent checking or 

cracking. Finally, certain pitches and asphalts 

were found to fulfill the requirements most satis- 

factorily. 

VI. Processing Methods 

(1) Molding 
The forming procedure depends upon the shape 

of the equipment to be produced. Sinks were 

made successfully by hand-pressing, and slabs by 

slip-casting. Later,a more convenient method, 

by which greater uniformity of structure was 

assured, was developed. The principle of the 

filter press was used, the water being forced by 

air pressure out of a slurry contained in a mold of 

appropriate construction. This pressing appara- 

tus (Fig. 1) was assembled by placing in the bot- 

SIN 

Frc. 1.—Diagrammatic sketch of molding pan. 

tom of the mold (which was provided with open- 

ings for the escape of water), a piece of wire cloth 

of relatively coarse mesh and the same size as the 

mold. This fabric was covered completely with a 

piece of canvas duck to serve as a filter for the 

slurry. The latter was then introduced to the re- 

quired depth and leveled off. A piece of rubber 

sheeting was clamped to the mold just above the 
slurry to prevent the passage of air through it. 

Phelps and Marbaker 

Air under pressure was applied directly to the 

rubber, which in turn compressed the slurry, ex- 

pelling the water through the filter and the open- 

ings in the bottom of the mold. Originally this 

operation required the assembly of the mold in a 

suitable press, but later the same result was at- 

tained by placing the mold in a horizontal cylin- 

drical tank, which was then tightly closed. Air 

was admitted to the tank, and, as compression 

proceeded, the water was expelled through an 

opening in the bottom of the mold to the outside 

by means of an appropriate connection made in 

the wall of the pressure tank. 

The air pressure required to express the water 

depended upon the nature of the slurry, but in gen- 

eral 50 pounds was sufficient and the operation was 

completed in about six hours. When removed 

from the mold, the slab thus produced was so 

strong that it could be placed on edge and dried in 

that position without slumping. The structure of 

the slab was exceptionally uniform because of the 

even distribution of pressure over the entire 

surface, a condition that can not be realized by the 

ordinary methods of molding. 

The fastening of the rubber sheet to the mold 

offered an interesting problem that was finally 

solved by an arrangement whereby the pressure 

automatically holds it in place, thus making the 

use of clamps unnecessary (see Fig. 1). 

An outstanding advantage of this apparatus is 

that the mold pan can be constructed of light ma- 

terials because the pressure in the tank supports it 

completely and is effective on the slurry only be- 

cause of the connection through which the water 

is expelled to the atmosphere. Another advan- 

tage is obvious: the number of slabs that can be 

produced at one time depends only upon the num- 

ber of mold pans available and the size of the drum. 

(2) Drying and Firing 

No serious problems were encountered in the 

drying of the ware because of the cellulosic ma- 

terials present in the body. The process was 

carried out slowly, first at room temperature and 

finally at 80° to 85°C until practically all the 
water was eliminated. The schedule used de- 

pended to a large extent on the shape and size of 

the ware. Firing was carried out at 1025°C in an 
electric furnace and later on a production scale in 
a gas-fired furnace. The fired ware was compara- 

tively soft. Cutting to size, surfacing, and drill- 
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Karcite, Ceramic Material for Laboratory Equipment 

ing were carried out on standard stone-working 

machinery. 

(3) Impregnation and Coking 
Impregnation was carried out in autoclaves in 

which the bath, consisting of equal parts by weight 

of pitch and asphalt, was heated to 210°C, that 
temperature producing the lowest viscosity with 

least decomposition. After soaking for one hour, 

the impregnation was completed by admitting to 

the system air under pressure of 45 pounds per 

square inch and holding for an additional hour. 

For coking, the ware was placed in a tight con- 

tainer, equipped with an exit pipe for the volatile 

matter, and heated in a gas-fired furnace from 400° 

to 500°C until all distillation ceased. This opera- 
tion generally required 72 hours, after which 48 

hours were required for cooling. The physical 

properties of the coke formed in the body are 

controlled by this heat treatment. 

Vil. Ware Formation 
Sinks were made from the body by hand-press- 

ing in plaster molds. For molding the slabs, 

special methods and equipment had to be employed 

for the preparation of the slurry. A direct air- 

pressure mold was built to produce slabs 60 by 54 

by 2'/. inches principally to determine the means 

by which such large pieces could be handled. 

Vill. Properties of Karcite 
Karcite' is a ceramic body of fine, uniform tex- 

ture, the pores of which are filled with carbon in 

the form of coke, which imparts to it a gray-black 

color. It is hard, dense, and virtually nonabsor- 

bent. While hand-pressed ware can not be made 

entirely free from laminations, every precaution is 

taken to minimize them. Air-pressed and de- 

aired and extruded ware is free from such lamina- 

tions and other lines of weakness. Karcite is 

lighter in weight than the materials commonly 

used in the construction of sinks and other 

laboratory equipment. The surfaces are smooth 

inherently, but they may be polished if necessary. 

The appearance of the ware is attractive and it can 

be kept clean with little effort. 

The crushing and transverse strength meet fully 

the exacting requirements of laboratory construc- 

tion. The material will not crack or break when 

objects of ordinary weight are dropped upon it. 

!S. M. Phelps, U. S. Patents 1,774,812 (Sept. 2, 1930); 
Ceram. Abs., 9 [11] 997 (1930) and 1,832,913 (Nov. 24, 
1931); Ceram. Abs., 11 [2] 144 (1932). 
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It is resistant to abrasion and does not chip easily. 

Mineral acids, except hydrofluoric, have no effect 

on Karcite.* Alkalis, in concentrated solution, 
cause superficial etching which does not affect 

sensibly the original smoothness of the surface. 

The surfaces of Karcite ware do not appreciably 

absorb liquids, and the material contains no com- 

ponents that can be affected by nonaqueous sol- 

vents. 
Properties of Karcite 

Weight/cu. ft. (Ib.) 117 
Specific gravity 1.87 
Water absorption (%) at 25°C 0.50-0.75 
Transverse strength (Ib./in.*) 2500-3000 
Crushing strength (lb./in.*) 11,500 
Coefficient of expansion 

(20-450°C) 0. 0000065—-0 . 0000070T 

IX. Uses of Karcite 
Karcite is being used in laboratories for sinks, 

shelves, tanks, pipe, and pipe fittings. 

The Karcite body can be impregnated with sul- 

fur or resinous materials to produce ware with 

properties fulfilling the requirements of specialized 

uses, and in white, brown, and other colors. Thus 

in the electrical industry, the basic body, properly 

impregnated, can be used for switchboard panels, 

specially molded parts and complicated shapes, and 

as an insulating material. 

Because of its uniformity of structure, strength, 

and imperviousness, Karcite can be employed in 

general building construction in many forms, such 

as sanitary ware, partitions, roofing, flooring, 

stair treads, wainscoting, and window sills. It 

has been suggested that it should be applicable to 

external construction, as in base courses, and for 

other purposes for which the color would be suit- 

able. 

Karcite has been suggested for use as the base of 

pool and billiard tables because it can be produced 

in slabs of the required size, uniformity, and 

smoothness. It has been successfully metallized 

and plated with nickel and silver. 

INSTITUTE 
PITTSBURGH, PENNSYLVANIA 

* Reference is had to concentrations and temperatures 
ordinarily encountered in laboratory work. 

t This property is given in contrast to that of an analo- 
gous material called ‘“‘Kemite’”’ which has a coefficient of 
expansion (20° to 450°C) of 0.0000020 to 0.0000025, and 
consequently a very high resistance to thermal shock 
(see S. M. Phelps, U. S. Pat. 1,978,691, Oct. 30, 1934; 
Ceram. Abs., 14 [2] 58 (1935)). This material, which is 
recommended especially for laboratory table tops (see 
S. M. Phelps and E. E. Marbaker, “Ceramic Table Tops,”’ 
Ind. Eng. Chom., 29 [5] 541-47 (1937); Ceram. Abs., 16 
[7] 225 (1937)), has been described in detail in another 
article. 
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Abrasives 

Abrading machines at the Leipzig spring fair, 1937. use of manufactured abrasive wheels in place of natural 
P. Wiessner. Schleif- & Poliertech., 14 (3) 43-52 (1937). sandstone wheels has definitely reduced the silica content 

—A short description of novelties is given. The German of industrial dust in grinding operations from above 85% 

tendency is toward compact construction. 20 illustrations. free silica to a negligible amount, depending upon the type 

F.E.V. of wheel employed. This adds to the cleanliness and the 

Bonds for high-fired grinding disks. P.Raun. Schleif- general hygienic conditions of the plant. H.K.R. 

& Poliertech., 14 [5] 100-101 (1937).—R. discusses the Granulation test of abrasives. K. Merz. Schleif- & 
properties and behavior of bonds for pressed and slip-cast Poliertech., 14 [8] 157-59 (1937).—The sieving process 

disks. The effects of composition, refractoriness, and is described; the use of test sieve machines is advocated. 

firing are dealt with. F.E.V. F.E.V. 
Causes and prevention of grinding cracks in hardened Grinding and finishing stainless steels. W.D. WiLkry- 

and ground tool steels. J.G. Morrison. Ind. Heating, son, Jr. Ind. & Welding, 10 [10] 62-65, 72 (1937).— 

4 [5] 365-68, 378; [6] 455-56; [8] 629-30; [9] 735-36 A general discussion is given. Work hardening, which 
(1937).—3M. discusses the causes of grinding cracks, viz., affects corrosion resistance, must be prevented in grinding 

poor quality of steel, improper heat-treatment, improper by keeping the metal cool. A grinding wheel of relatively 

grinding, and insufficient stress relieving. The correct coarse, open, and porous grain is usually required; the 

procedures are described, and maintenance of grinding grains break off before they can become dull. Fused 

equipment, proper selection of the latter, and the use of alumina is considered best for grinding wheels with an 

coolants are discussed. M.H. optimum speed suited to the alloy. Due to localized 

Coating polishing wheels with abrasive. W.E.Warner. heating in buffing, the buffing compounds should be sulfur- 
Machinist (Eur. Edn.), 80 [17] 2758 (1936); Met. Abs. free to prevent tarnishing. Si and Al oxides are used 
(Inst. Metals), [2] 3 [7] 276 (1936).—Water used for soak- chiefly for abrasives for grinding to obtain high corrosion 
ing a mixing glue should be distilled. Old and fresh glue resistance, and where Fe oxide or other impurities are 

should never be mixed. Ok! wheels should be preheated present due to grinding, the metal should be pickled for 

to 120°F (49°C) and new wheels to 110°F (43°C). After 15 to 20 min. in warm 25% HNO,. In grinding down 
gluing and coating with abrasive, drying for at least 5 hr. welds, manila paper is shellacked to polished metal beside 

at 65° to 70°F (18° to 21°C) is necessary. the weld to prevent marring the finish. W.H.B. 
Composition of modern grinding materials. Henry R. Grinding and polishing of aluminium. H. Krause. 

Power. Products Finishing, 2 [3] 30 (1937).—The at- Tech. Z. prakt. Metallbearbeitung, 46 [11-12] 384 (1936); 

tention being focused upon industrial dust by medical Met. Abs. (Inst. Metals), [2] 3 [13] 723 (1936).—Detailed 
authorities, insurance hygienists, and legislators has descriptions are given of specific polishing and grinding 
brought requests to the grinding-wheel manufacturer for media and methods, with regard to the comparatively 
information regarding the composition of his products. soft condition of aluminium and its alloys. K. recom- 
Natural and manufactured abrasives are discussed. The mends silicon carbide wheels for coarse grinding and fiber 
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brushes for later stages. Steel wire wheels give a satin 

finish, especially if a fine pumice-powder dressing is em- 

ployed. Pickling in 10 to 20% caustic soda solution 

saturated with salt may be necessary. Grease removal 

should be performed carefully in alkali solution as the 

metal is dissolved, and if alloys are in question, such a pro- 
cedure may cause brown discoloration. Pickling in 

dilute nitric or hydrofluoric acid is then adopted. Sand- 

blasting should be done with very fine sand at much lower 

pressures than with other industrial metals. The composi- 
tions of various polishing pastes for use on mops are given. 

Grinding or scraping. V. Ivascnev. Machine mo- 
derne, 30 [329] 238-40 (1936); Met. Abs. (Inst. Metals), 
{2} 3 [8] 324 (1936).—The processes of scraping and 
machine grinding are considered in detail from the stand- 
points of accuracy, cost, and speed. The mechanical 

method is considered preferable, especially in the case of 

large work. 

Grinding wheels. A. S. Troup. Indian & Eastern 
Engr., 80 [3] 313-14 (1937).—Safe working and main- 
tenance of grinding wheels and measures to be taken to 

avoid accidents are discussed. A.P.S. 

Out-of-roundness of grinding wheels can be corrected. 
W. S. Focc. Stone, 56 [5] 182 (1935).—The correct 
dressing procedure for grindstones is given in detail. 

P.G.H. 

Physical properties of surfaces: IV, Polishing, surface 
flow, and formation of the Beilby layer. F. P. Bowpen 
AND T. P. Hucues. Proc. Roy. Soc. [London], A160, 

575-88 (1937).—From experiments with polishing on sub- 

stances of varying softening temperatures, evidence in 

support of the surface flow theory of polishing is 

claimed. If the melting point of the polisher is greater 

than that of the metal, it rapidly produces surface flow 

and polish. The relative hardness is comparatively un- 

important. Experiment suggests that surface flow is 

brought about by an intense local heating of the surface 

irregularities. The molten or softened solid flows or 

is smeared over the surface and very quickly solidifies 

to form the polished Beilby layer. The amount of sur- 

face flow is governed, not by the properties of the solids at 

room temperatures, but by their relative mechanical 

properties at the high temperatures of the sliding sur- 

faces. These local high temperatures also play an im- 

portant part in the wear and corrosion of surfaces in 

friction. A.P. 

Precision grinding machines. O. L. BREIDENBACH. 
Schleif- & Poliertech., 14 [3] 53-66 (1937).—Improvement 
in working and efficiency is realized by (1) strong construc- 

tion, (2) powerful driving gears and correct velocities, (3) 

reduction of idle motion, and (4) quick fixation and control. 

Detailed descriptions are given. 30 illustrations. See 

Ceram. Abs., 15 [2] 51 (1936). F.E.V. 

Surface grinding of hardened steels. W. Der V. Hunt. 
Read before Steel Treatment Society of Australia. Heat 

Treating & Forging, 22 [Feb.] 79-83; [March] 133-38 

(1936); Metals & Alloys, 7 [6] MA302 (1936).—H. sum- 

marizes the history of grinding and grinding wheels, de- 

scribes briefly the manufacture of artificial abrasives, and 

discusses the selection of grinding wheels. Recommenda- 

tions for abrasives and vehicles for lapping various ma- 

Vol. 17, No. 3 

terials are given together with tests to obtain information 

about grinding and hardening cracks. 

PATENTS 

Abrading, polishing, and buffing device. W.H. Baucn. 
U. S. 2,103,444, Dec. 28, 1937(June 23, 1937). 

Abrasive pad. M.F.Reap. U. S. 2,102,745, Dec. 21, 
1937(Aug. 24, 1936). 

Abrasive wheel. Epwarp VAN DER Pyt (Norton Co.). 

Can. 370,119, Nov. 23, 1937 (July 15, 1936); see Ceram. 

Abs., 16 [6] 166 (1937). Can. 370,120, Nov. 23, 1937 

(July 15, 1936); see ibéd., [5] 142. G.M.H. 

Apparatus for abrading strand material. C. T. Davis. 
U. S. 2,105,637, Jan. 18, 1938 (June 29, 1935). 

Automatic line bearing grinder. C. L. Ort anv H. E. 
Basicer (Landis Tool Co.). U.S. 2,105,841, Jan. 18, 

1938 (July 28, 1932). 
Buffing wheel and method of manufacture. J. F. 

Waite. U. S. 2,102,867, Dec. 21, 1937 (Nov. 5, 1936). 

R. A. Goopman. U. S. 2,104,925, Jan. 11, 1938 (March 

14, 1936). 

Coated abrasive product. R. C. BENNER AND R. L. 
Metton (Carborundum Co.). Can. 370,084, Nov. 23, 

1937 (Oct. 22, 1935; in U. S., Feb. 6, 1935). G.M.H. 

Cylindrical grinding machine. H. BALSIGER 
(Landis Tool Co.). U.S. 2,103,808, Dec. 28, 1937 (March 

23, 1931). 
Diamond abrasive body. L. H. Mutuican (Norton 

Co.). Can. 370,117, Nov. 23, 1937 (July 15, 1936); see 

Ceram. Abs., 16 [6] 165 (1937). G.M.H. 

Grinding apparatus. V. E. ANpeRson. U. S. 2,104,- 
147, Jan. 4, 1938 (June 12, 1935). The article comprises 

an abrasive disk, a flexible supporting disk, and means for 

flexing the supporting disk whereby its peripheral edge only 

is held in contacting relation with the marginal edge portion 

of the abrasive disk. 

Grinding machine. A. L. WaRNeR (Illinois Iron & 
Bolt Co.). U.S. 2,105,872, Jan. 18, 1938 (July 23, 1934). 

Grinding wheel. A. T. Sontstrrom (Norton Co.). 

Can. 370,118, Nov. 23, 1937 (July 15, 1936); see Ceram. 
Abs., 16 [11] 326 (1937). G.M.H. 

Honing tool and method of use. K. W. Connor (Mi- 

cromatic Hone Corp.). U. S. 2,105,024, Jan. 11, 1938 

(May 16, 1935). 

Lapping machine. H. S. Inpce (Norton Co.). 

2,103,984, Dec. 28, 1937 (Sept. 11, 1935). 

Lens grinding and polishing machine. L. L. Houcnin. 
U.S. 2,105,691, Jan. 18, 1938 (April 13, 1936). 

Machine for honing conical surfaces. H.A. OrTEGREN 
(Bower Roller Bearing Co.). 2,105,753, Jan. 18, 

1938 (Nov. 29, 1935). Tuomas ZimMERMAN (Bower 
Roller Bearing Co.). U. S. 2,105,762, Jan. 18, 1938 

(Dec. 5, 1935). 

Manufacture of ceramic articles. LEEUW 
(Carborundum Co.). U. S. 2,104,609, Jan. 4, 1938 (Feb. 

9, 1935). The method of making a porous abrasive 

article comprises forming a slip comprising abrasive grain 

and bond, incorporating in the slip granular combustible 

material and gas-evolving material, placing the slip in a 

mold to permit the gas-evolving material to decompose, 

drying the article, and firing it in a kiln to vitrify the bond 

and burn out the granular combustible material. 

U. S. 
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Method and means for honing gears and for truing the 
honing means. Everarp Stupps (Fellows Gear Shaper 
Co.). U.S. 2,105,896, Jan. 18, 1938 (Jan. 4, 1935). 

Polishing wheel. F. G. Cyrex (J. C. Miller Co.). 
U. S. 2,102,836, Dec. 21, 1937 (Aug. 17, 1936). 

Portable grinding or filing machine. H. J. Pattison 
anp W. K. Barton (Briggs Mfg. Co.). U. S. 2,104,436, 
Jan. 4, 1938 (Feb. 10, 1936). 

Rail grinder. A. W. MALL. 
1938 (Oct. 1, 1936). 

Roll grinding machines. CHuRcHILL MacnINe TooL 

U. S. 2,106,034, Jan. 18, 

Art and Archeology 93 

Segmental grinding wheel. Samuet Rusorr. U. S. 
2,102,919, Dec. 21, 1937 (March 11, 1937). 

Surface abrasive and polishing machine. V.R. PA.vas. 
U. S. 2,105,612, Jan. 18, 1938 (July 18, 1936). 

Terrazzo grinding angle spindle. A.W. Mar. U. S. 

2,106,035, Jan. 18, 1938 (Oct. 10, 1936). 

Terrazzo grinding apparatus. A. W. MALL. 
2,106,033, Jan. 18, 1938 (Aug. 25, 1936). 

Universal brake shoe grinder guide. L. C. RisHe. 
U. S. 2,102,915, Dec. 21, 1937 (March 28, 1935). 

Wheel-truing device. R.W. Futter (Production Ma- 

U. S. 

Co., Ltp., anp H. H. Assripce. Brit. 476,363, Dec. 22, chime Co.). U. S. 2,102,841, Dec. 21, 1937 (Aug. 24, 

1937 (April 5, 1937). 1935). 

Art and Archeology 

Buried cultures of the Near East: Il. Cyrus H. 
Gorpon. Asia, 36, 120-25 (1936).—G. reviews recent dis- 
coveries at Khirbet en-Nahas (Solomon’s copper mines), 
Megiddo, Samaria, Lachish (inscribed potsherds), Baby- 

lon, Jerash, Baalbek, Palmyra, Petra, Jebel Ramm, Dura 

Europos, Rayy, and Sbeita. For Part I see Ceram. 

Abs., 16 [5] 142 (1937). W.D.-F. 

Color grading. R. M. Witre. Ber. Deut. Keram. 
Ges., 18 [4] 149-54 (1937).—W. reviews color grading 

from the time of Aristotle to that of Ostwald and Maerz. 

E.J.V. 

Coronation ware. ANON. Ceram. Age, 29 [5] 140-41; 
{6] 176 (1937).—Chinaware, earthenware, artware, and 

glass products produced to commemorate the coronation of 

King George VI and Queen Elizabeth are illustrated. 

F.G.H, 

Group of old English porcelains. ANoNn. Ceram. 
Age, 30 [3] 75 (1937).—Five figures bequeathed to the 

Cleveland Museum of Art by Mrs. C. W. Harkness are 

described and illustrated. F.G.H. 

Jamestown pottery—past and present. WortTH BaILEy 

Ceram. Age, 30 [4] 101-104 (1937).—Some of the more 
interesting varieties of pottery found at Jamestown are 

described, and the technique of their manufacture is dis- 

cussed. Illustrated. F.G.H. 

Mat and crystalline glazes for fireplace tile. ANon. 
Keram. Rundschau, 45 [16] 175-77 (1937)—Mat and 
half-mat glazes usually contain a high percentage of lead 

and are low fired (cones 010a to 06a). To render mat 

a normal glaze, the reduction of fusibility may be obtained 

by the addition of silica and alumina, partial substitution 

of lead and alkali by zinc and earth alkalis, or increase of 

the content of the basic oxides (PbO, ZnO, CaO, MgO, 

etc.). Devitrification due to TiO, is also suitable. Va- 

nadic, molybdic, and wolframic acids produce iridescence. 

Formulas are given. Correct thickness of layer is essen- 

tial for mat glazes. F.E.V. 

Metallized enamels. R.Lepuc. Argile, No. 170, pp. 
25-27; No. 171, p. 15; No. 172, p.7; No. 173, p. 5 (1937). 

—Plastic clay of a basic nature is used mostly for the manu- 

facture of metallized pottery. Westerwald or Charente 

clays, some dolomite, and calcined quartz compose the 

mix, while the enamel is alkaline. Saggers are also alka- 

line or boro-alkaline. The firing temperature varies from 

600° to 900°. The muffle is made of a refractory clay, 

and wood is used for fuel. Directions for firing are given. 

Such enamels are manufactured chiefly in France, Italy, 

Spain, and Syria. M.V.C. 

Polish folk ceramics. ANon. Ceram. Age, 29 (6) 177 

(1937).—Representative types of Polish ware are described 

and illustrated. F.G.H. 

Potter and his wheel. Anon. Ceram. Age, 29 (2) 
44-45 (1937).—The art pottery of Harry W. Austin at 

Old Lyme, Conn., is described and illustrated. F.G.H. 

Pottery industry in Iowa. Howarp R. Erwin. Ceram. 
Age, 29 [1] 13 (1937).—The establishment of several 

small potteries for the production of art pottery is de- 

scribed. F.G.H. 

BOOKS 

Applications of potash in the ceramic industry. Net- 
son W. Taytor. Amer. Inst. Mining Met. Engrs. Con- 
trib., No. 101, 6 pp. (1936); see Ceram. Abs., 15 [9] 290 

(1936). W.D.-F. 

Martin ware: A catalogue of the Nettlefold collection, 
with a short history of the firm of R. W. Martin & Brothers 
of Southall. CHartes R. Bearp. Privately printed, 

1937. Reviewed in Times Lit. Supp., 36 [1860] 696 
(1937).—Robert Wallace Martin, the eldest of the four 

brothers, was born in 1843 and died in 1923, but his ac- 

tive life ended with the death of his last surviving potter- 

brother in 1915. Martin ware has not yet received its 

final judgment inceramic art. The book is illustrated with 

many excellent reproductions in color of Martin ware. 

H.H.S. 

Stained Glass Craft: Adventures in Light and Color. 
Cuar_Les J. Connick. Harrap, London, 1937. Price 3 

guineas. Reviewed in Times Lit. Supp., 36 [1862] 730 

(1937).—This is the English edition of a book by a well- 

known American artist. H.H.S. 

PATENTS 

Decalcomania paper. Lewis Davis (McLaurin-Jones 
Co.). U.S. 2,104,025, Jan. 4, 1938 (Aug. 23, 1934). 

Designs for: 

Ashtray. R. A. Keitty (United States Glass Co.). 

U. S. 107,873, Jan. 11, 1938 (Nov. 11, 1937). 

Automobile headlight lens. M. A. Smirn. U. S. 

107,706, Dec. 28, 1937 (Sept. 29, 1937). U.S. 107,707, 

Dec. 28, 1937 (Sept. 24, 1937). 
Bottle. S. L. Branpeis (Brockway Glass Co., Inc.). 
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U. S. 108,010, Jan. 18, 1938 (Nov. 18, 1937). J. E. 

Moore (Maywood Glass Co.). U.S. 107,541, Dec. 21, 
1937 (Sept. 28, 1937). J. E. Moore anp B. H. Koons 
(Maywood Glass Co.). U. S. 107,542, Dec. 21, 1937 

(Sept. 28, 1937). J. H. Tovtovse (Owens-Illinois 
Glass Co.). U. S. 107,586, Dec. 21, 1937 (May 17, 

1937). 

Combined bowl and cover. W. K. Tirze (Universal 
Potteries, Inc.). U. S. 107,585, Dec. 21, 1937 (Oct. 

29, 1937). 

Dish. W.H. GertH AND ALBERT KRAUTHEIM (Oneida, 

Ltd.). U.S. 107,598, Dec. 21, 1937 (Oct. 9, 1937). 
Glass. E. W. Fuerst (Libbey Glass Co.). U. S. 

107,768, Jan. 4, 1938 (Nov. 30, 1937). W. E. Macx- 

ELFRESH, Jr. (Owens-Illinois Glass Co.). U. S. 

107,781, Jan. 4, 1938 (June 9, 1937). 

Goblet. E. M. Borrome (Fostoria Glass Co.). U. S. 
107,637, Dec. 28, 1937 (Oct. 25, 1937). R. A. KELLY 

U. S. 107,823 and 107,824, 
U.S. 108,002 and 108,003, 

(United States Glass Co.). 

Jan. 4, 1938 (Oct. 18, 1937). 

Jan. 18, 1938 (Dec. 2, 1937). 
Jar. D. E. Briner (Olean Glass Co.). U.S. 107,742, 

Jan. 4, 1938 (Nov. 18, 1937). P. G. Lioyp (Carr- 

Lowrey Glass Co.). U. S. 107,689, Dec. 28, 1937 
(July 9, 1937). N. F. Srever (Owens-Illinois Pacific 

Coast Co.). U. S. 108,023, Jan. 18, 1938 (June 2, 

1937). 
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Smirn, Jr. (Olean Glass Co.). U.S. 107,801 and 107,- 

802, Jan. 4, 1938 (Nov. 11, 1937). 

Plate. R. A. Ketry. U. S. 108,005, Jan. 18, 1938 

(Dec. 10, 1937). R. A. Ketiy (United States Glass 
Co.). U.§. 107,871, Jan. 11, 1938 (Nov. 11, 1937). 
Salad plate. R.A. Keiiy (United States Glass Co.). 
U.S. 108,004, Jan. 18, 1938 (Dec. 2, 1937). 
Stemmed goblet. E.mer Bett (Bryce Brothers Co.). 
U. S. 107,739, Jan. 4, 1938 (Nov. 20, 1937). 
Torte plate. R.A. Ketty (United States Glass Co.). 
U. S. 107,872, Jan. 11, 1938 (Nov. 11, 1937). 
Tumbler. E. W. Fuerst (Libbey Glass Co.). U. S. 
107,861 to 107,863, Jan. 11, 19388 (Nov. 26, 1937). 
U.S. 107,986 and 107,987, Jan. 18, 1938 (Nov. 30, 1937). 
M. O. Hansen (Libbey Glass Co.). U.S. 107,988 to 
107,994, Jan. 18, 1938 (Dec. 7, 1937). Ratpn Perers 

(Hazel-Atlas Glass Co.). U.S. 107,547, Dec. 21, 1937 
(Oct. 20, 1937). 

Method and apparatus for decorating spherical and 
other articles having curved surfaces by a stenciling 
process. J.C. Smiru (Solar Laboratories). 2,105,- 

378, Jan. 11, 1938 (Sept. 9, 1936). The method of deco- 
rating a spherical article consists in supporting the article 

for rotation about an axis, placing a semicylindrical sten- 

cil screen, the radius of curvature of which is equal to the 
radius of curvature of the article, in tangential line con- 

tact with the article, and moving the screen axially while 

Packer jar. F. J. Perry (Ball Bros. Co.). U. §. simultaneously forcing coloring materials through the inter- 

108,020, Jan. 18, 1938 (Nov. 30, 1937). Gerorcr _ stices thereof by the spreading action of a squeegee. 

Cements 

Action of saturated steam on dicalcium ferrite and on 
tetracalcium aluminoferrite. D. T. MatTHer anp T. 
THORVALDSON. Can. Jour. Research, 15B [8] 331-39 

(1937).—The reactions which occur when dicalcium ferrite 

and tetracalcium aluminoferrite are exposed to saturated 

steam at temperatures between 100° and 300°C were 

studied by determining the water absorbed and the optical 

properties and X-ray diffraction patterns of the products. 

The hydration of the probable products of decomposition 

under the same conditions was also studied. Precipitated 

alumina treated between 170° and 350°C and then dried 

over CaO or “‘dehydrite” at 21°C gives a monohydrate of 

alumina. The product is the same whether the initial 

alumina contains excess combined water or has been de- 

hydrated at any temperature below about 920°C. On 

similar treatment between 100° and 170°C, precipitated 

ferric oxide loses its water of hydration, giving a material 

with the crystalline structure of hematite. Tricalcium 

aluminate at temperatures between 150° and 350°C forms 
the isometric hexahydrate. On prolonged exposure be- 

tween 100° and 300°C, dicalcium ferrite is completely 
decomposed to Ca(OH), and Fe,O; (hematite). A rapid 

direct hydration of the dicalcium ferrite to a dihydrate, 

followed by a rapid liberation of one mole of calcium hy- 

droxide, takes place. A slow decomposition of the hy- 

drated monocalcium ferrite with the formation of hematite 

follows. Similar treatment of tetracalcium aluminofer- 

rite at temperatures from 100° to 300°C gives as final 
products the hexahydrate of tricalcium aluminate, cal- 

cium hydroxide, and ferric oxide (hematite). Very rapid 

action again takes place, producing the hexahydrate of 

tricalcium aluminate and hydrated monocalcium ferrite, 

the latter product decomposing slowly to calcium hydrox- 

ide and ferric oxide as in the case of the dicalcium ferrite. 

E.J.V. 

Chemistry of Portland cement: I and III. L. Forsén. 
Translated in Concrete, Cement Mill Ed., 45, 231-39 (1937); 

for Parts II and IV (not translated) see Ceram. Abs., 15 

[2] 54; [3] 82 (1936). W.D-F. 

Effects of temperature, pressure, and water-cement 
ratio on the setting time and strength of cement. B. C. 
Crart, T. J. Jonnson, H. L. Krrxpatrick. Trans. 

Amer. Inst. Mining Met. Engrs., 114, 62-68 (1935). 

W.D.F. 

Hydration of dicalcium silicate and tricalcium silicate. 
N. B, Keevit aNnp T. THORVALDSON. Can. Jour. Re- 

search, 14B [1] 20-30 (1936)—Samples of 8-dicalcium 

silicate, y-dicalcium silicate, tricalcium silicate, hille- 

brandite, and dehydrated hillebrandite were exposed to 

saturated steam at temperatures between 50° and 375°C. 

After drying to constant weight (usually over CaO) the 

increase in weight and the amount of free Ca(OH); were 

determined. Microscopic examinations and X-ray dif- 

fraction patterns of the products were made. The hydra- 

tion products were then dehydrated and similarly studied 

together with their hydrolysis. It was found that between 

110° and 350°C, y- and §-dicalcium silicates may absorb 

water without hydrolysis to form three crystalline prod- 

ucts. Two of these are identical with products already 

described. The third product appears to possess another 
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characteristic structure, as shown by the X-ray patterns, 

but to have a variable water content with a limiting com- 

position of 2CaO-SiO,-H,O. The hydration product may 

be dehydrated without the liberation of lime. When con- 

ditions favoring hydrolysis are avoided, tricalcium silicate 

hydrates directly to a crystalline hydrate which probably 

has the limiting composition 3CaO-SiO,-2H,O, although 

products holding from 1.3 to 2 moles of water give the 
same X-ray diffraction pattern. When the conditions 

favor partial hydrolysis, tric.'cium silicate decomposes 

into Ca(OH), and crystalline hydrated dicalcium silicate. 

Dehydration of hydrated tricalcium silicate gives one 

mole of lime along with dicalcium silicate. Hillebrandite 

exposed to saturated steam at 160°C remained unchanged, 
while a sample of dehydrated hillebrandite on hydration 

gave a product similar to that obtained from 8-dicalcium 

silicate. When treated with a large excess of water, the 

hydrated silicates hydrolyze to the same extent as the 

anhydrous silicates, but the final equilibrium is attained 

more rapidly, especially in the case of hydrated dicalcium 

silicate. E.J.V. 

Hydraulicity of slags. L.CHassevent. Compt. Rend., 
205 [16] 670-72 (1937).—Five different slags, which by 

X-ray examination were found to be glasses, were sub- 

mitted to attack by acids, water, and bases in order to 

determine the actual hydraulicity which chemical analysis 

alone did not reveal. The method is satisfactory and 

requires only a few hours compared to several weeks with 

the usual methods. Details of procedure and results are 

briefly stated. M.H. 

Influence of fineness of grind of gypsum on the quality 
of cast gypsum ware. L. I. Ermaxov. Stroilel. Ma- 
terialy, 1936, No. 4, pp. 14-18.—The grade of dispersion 

of gypsum has a very great influence on the mechanical 

strength of gypsum castings. The fraction passing the 

4900-mesh screen gave a mechanical strength 3 times 

greater than that of “‘standard’”’ gypsum. Gypsum cast- 

ings prepared from this fraction show a very small de- 

crease of the sorbing property. The period of castirg 

decreases somewhat. A definite amount of water should 
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be used as it influences the mechanical strength and poros- 

ity of gypsum castings. P.B.& ES. 

Part played by fluxes in the burning of the mixture used 
for obtaining Portland cement clinker. I. A. ALEexKs- 
ANDROV. Tsement, 4 [2] 27-33; [4] 37-44 (1936).—The 

introduction of iron oxide as a mineralizer should be pre- 

ferred to great amounts of alumina in Portland cement 

clinker. High-grade cements could be obtained in the 
section of the Griin-Kuntze diagram corresponding to a 

low content of fluxes that was not expected to give such 

results on the basis of the saturation theory. Roasted 

pyrites were used as a flux. Good results were also ob- 
tained with copper smelter slags. P.B. & ES. 

CIRCULAR 

Methods and costs of mining and crushing gypsum at 
the mine of the Victor Plaster, Inc., Victor, N. Y. Anon. 

U. S. Bur. Mines Information Circ., No. 6967, 18 pp. 
Free. The mining and preparation of principal nonmetal- 

lics are discussed. Operations at a mine typical of con- 

ditions in western New York are described. R.A.H. 

PATENTS 

Cementitious material. G. A. Hoccarr (Certain-Teed 
Products Corp.). Can. 369,790, Nov. 9, 1937 (Jan. 29, 

1936). The process of calcining gypsum to a product 

capable of setting and adding thereto, before completion 

of the calcining operation, a nondeliquescent, water- 

soluble, alkali compound containing a halogen. G.M.H. 

Cementitious material. G. A. Hoccarr (Certain-Teed 

Products Corp.). Can. 369,791, Nov. 9, 1937 (Jan. 29, 

1936). The process of calcining gypsum and adding, 

before completion of the calcining operation, a compound 

of an aliphatic acid and an alkali metal. G.M.H. 

Magnesium oxychloride. Soc. GENERALE DU MAG- 

nkstum (I. G. Farbenind. A.-G., applicant in Ger- 

many). Fr. 810,567, March 24, 1937; Chem. Abs., 31, 

8845 (1937).—A Mg oxychloride is made by slowly heat- 
ing powdered MgO and solid hydrate of MgCh, mixed in 

appropriate proportions, to a temperature corresponding 

almost to the melting point of the hydrate in question 

Enamel 

Alternating-current nondestructive test for welded 

seams. W.B. KOUWENHOVEN AND A. E. Weld- 

ing Jour. [N. Y.], 16 [10] Supp. 47-50 (1937).—A report 

is given of research on the testing of good and poor welds 

in which the wave shape obtained on the cathode ray 

oscillograph screen is used to determine the quality of the 

weld joint. Tests made with laminated specimens pro- 

vided means of indicating sensitivity of the method to- 

gether with X-ographs which confirmed the existence of 

flaws in welds as picked up by the magnetic tester. Satu- 

ration of the steel plate with frequency as low as required 

to insure penetration is indicated as desirable. Weld 

bead need not be machined off for the test to be effective. 
Some of the wave forms of good and poor welds are shown. 

W.H.B. 

Application of electroplating practice to porcelain en- 
ameling. Ezra A. Biount. Products Finishing, 2 (4) 

14-20 (1938).—For many years enamelers have been in 

need of a method of increasing the speed of cleaning and 

pickling prior to the actual enameling process. While for 

years electroplaters have used electrolytic alkaline cleaning 

and in some cases electrolytic pickling to speed up this part 

of the process, this improvement has never been entirely 

successful when applied to the enameling industry. B. 

shows how a combination of cleaning and pickling methods 

now in use in electroplating plants can be applied to a 

porcelain enamel plant in which sheet iron or steel is 

cleaned, pickled, and enameled. After a résumé of 

current practice, B. describes an emulsion degreasing 

method where work, prior to the usual process, is immersed 

in the emulsion degreasing solution and rinsed. Advan- 

tages over the usual method are reduction of time by 25%, 

slight reduction in cost cleaner, and lower rejections of 

final enamel coating. A combination of the emulsion 

degreasing with electrolytic alkaline cleaner, electrolytic 

cathode pickling, and a neutralizer all synchronized into 

an automatic conveyer system is given in a diagram. 

Time work in process and area per unit output are reduced 

| 

| 
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50%, but investmest is higher and electrical insulation is 

a problem. The cost of cleaning materials used in the 

suggested method is about the same as that in present prac- 

tice plus the cost of the electric current. H.K.R. 

Cast iron for vitreous enameling. H. T. ANGus. 
Foundry Trade Jour., 55 [1037] 12, 14 (1936).—The 

evolution of gas at some stage during the fusion, causing 

blistering and pinholing in the finished enamel, is probably 

the greatest cause of enameling defects. Blistering ap- 

pears to depend upon the ability of iron surface to absorb 

oxygen and oxide. This absorption may take place during 

cooling of the mold, during annealing prior to shot blast- 

ing, or during the early stages of fusion and is controlled 

by graphite formation and porosity of surface or subsur- 

face. Fine graphite is usually better than coarse graphite, 

for, although the total surface of carbon exposed on the 

surface of the flakes is greater, fine graphite is usually 

the index of a dense, nonporous casting, which is therefore 

unlikely to be readily penetrated by air to form pockets or 

layers of oxide or oxide-saturated metal. The stability 

of cementite may influence the rate of gas evolution by 

the form taken by the precipitated carbon. There is, 

however, no direct evidence that a surface skin of micro- 

chill is the main factor for the production of blistering 

defects. H.E.S. 

Cleaning and preparation of metal parts. MARTIN 
H. Kipper. Ceram. Age, 27 [1] 274 (1936).—K. presents 

a cost study on the cleaning and preparation of castings 

for enameling. Illustrated. F.G.H. 

Design oi sheet and cast-iron parts for vitreous enamel- 
ing. J. H. Couper. Foundry Trade Jour., 55 [1055] 

356-58 (1936).—The requirements in the design of an elec- 

tric cooker using both cast iron and sheet iron in its construc- 

tion are considered. Good iron for the casting is essential, 

and a casting which requires no filling before enameling is 

desired. In design, the various details such as sufficient 

taper and rounded corners and edges (a radius of not less 

than */), in. should be used) are discussed. The practice 

of concealing all screws and fixing parts is illustrated. 

In the design of sheet-metal parts, rolled edges should be 

avoided, the metal should not be overworked, and all 

bends, folds, etc., should have easily rounded corners. 

Tools, where necessary, should have suitable pressure 

pads and stripping plates to prevent any distortion of the 

metal. In welding, cleanliness is stressed and all rust or 

loose scale should first be removed. The enameling 

and assembling are also discussed. Discussion. J. T. 
Gray ET AL. Ibid., [1059] 440. H.E.S. 

Developments of airless shot blasting. H. BoarpMAN. 
Foundry Trade Jour., 55 [1059] 437-38, 440 (1936).— 

The application of the airless abrasive cleaning machines 

to the vitreous enameling industry is quite new. The 

type casting to be cleaned must be carefully considered 

before the proper airless plant can be selected. Two main 

parts of the airless abrasive cleaning machine are the 

wheel which throws out the abrasive by centrifugal force 

and the mechanism which passes the work to be cleaned 

through the stream of abrasive. The work may be carried 

on a conveyer or a rotary table. Comparison of the 

various types is made and the essential additional equip- 

ment such as exhaust system, dust arrestors, fans, return 

of abrasive, etc., are discussed. H.E.S. 
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Examination of an unusual cast iron. G. H. SPENCER- 
Stronc. Jour. Amer. Ceram. Soc., 21 [2] 60-65 (1938). 

Fatigue tests of butt welds in structural plates. W. M. 
Wirson. Welding Jour. [N. Y.], 16 [10] Supp. 23-27 

(1937).—W. describes original research for tests to deter- 

mine fatigue strength, defined as maximum stresses to 

which a weld can be subjected for 2 million times with- 

out failure. A machine previously used to define fatigue 

properties of large riveted joints was employed for pro- 

ducing axial force in specimens on a stress cycle in which 

axial force may vary from 200,000 Ib. tension to the same 

in compression. Groups of three butt-welded */,-in. 

plates of 0.15% C, plain C steels, and 0.30% C silicon 

steel with 0.23% Si were fatigue tested to give failure of 

one each at '/:, 1, and 2 million cycles with a stress cycle 

of 0 to 20 to 30 thousand Ib./in.? A series of welds was 

made multiple bead with a manual metallic arc and another 

series with an automatic Carc. The first group was tested 

with (1) weld bead planed flush with base plate, (2) as 

welded, (3) stress relieved, (4) purposely poor welds, (5) 

each bead peened and C arc welds in stress relieved and as 

welded condition. W. concludes that fatigue strength is 

increased by planing the weld bead flush with the base 

plate due to stress concentration in ‘‘as welded’’ condition. 

For C steels the automatic C arc gave better properties 

than manual metallic arc welds; for Si steels the weld 

deposit was the limit of fatigue strength of joint. Peening 

and stress relief have little effect on fatigue strength, and 

88% of the riveted joint fatigue strength is realized in the 

“as welded”’ joint based on net and gross section of the 

plate. [ABSTRACTER’S Note: Test values of the pur- 

posely poor welds, on the average, are high and approach 

the value of the ‘‘as welded”’ tests. | W.H.B. 

Fishscaling in sheet-iron enamels. L. VIELHABER. 

Emaillerie, § [11] 23-25 (1937).—In 1932 German enam- 

elers started investigating fishscaling. They have just 

completed their researches. It has been known for some 

time that iron may absorb hydrogen in the atomic state. 

When hydrogen takes the molecular form it is freed from 

the iron, and pressures as high as 70 atmospheres can be 

developed. These high pressures under the layer of 

fired enamel later result in fishscales in the ground coat. 

The present work confirms this view. The hydrogen 

responsible does not come from the pickling operations 

but from the clay. Clay contains a small amount of 

combined water that is liberated at the temperature of 

the firing operations. This water is decomposed immedi- 

ately in the presence of iron giving iron oxide and hydro- 

gen absorbed by the iron. Borax added to the batch 

succeeds in preventing fishscaling because the enamel 

fires at a lower temperature so that the water does not 

decompose. If the firing interval of the ground coat is 

large enough, hydrogen will escape; if not, fishscaling will 

result. Quartz as mill addition suppresses fishscale in 

some cases. Another setting-up agent, such as Ultra-Sil, 

might be used instead of clay to avoid fishscaling. M.D. 

Fusion welding wrought iron. B. D. Lanpges. Weld- 
ing Jour. [N. Y.], 16 [10] Supp. 71-72 (1937).—L. gives 

results of physical tests on wrought Fe welds for the weld 

deposit and the joint itself as made between two wrought 

Fe plates with slag fibers parallel and perpendicular to 

weld bead and between wrought Fe and mild steel plates. 

i! 

= 
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The plates welded and tested were in a series of thick- 

nesses from '/, in. to 1 in. The tests reported represent 

practically the only information available on strength of 

welded wrought Fe in this country and confirm the excel- 

lent results obtained with wrought Fe abroad. W.H.B. 

Heat effect in welding. Review of the literature to 
Jan., 1937. Water H. Bruckner. Welding Jour. 
(N. Y.], 16 [10] 53-70 (1937).—B. reviews U. S. A., Eng- 

lish, French, German, and Italian literature on the sub- 

ject. The specialized study of the region of the welded 

joint adjacent to the weld deposit is of recent origin, and 

the review covers all advances made in determining prop- 

erties of the metal in this zone. Considerable attention 

has been given to the determination of the ability of steels 

to harden as a function of the chemical composition, welding 

processes, speed, and other welding conditions Which are 

reviewed. The relationship of excessive hardness to 

production of welding cracks is pointed out, and the notch 

impact test is indicated as the most sensitive gage of the 

extent of metallurgical disturbance in the heat-affected 

zone. Data from the literature are given in tables, curves, 

and charts which present theoretical and experimental 

aspects of the problem. The difference in the thermal 

cycle for gas and arc welding of steels and nonferrous met- 

als and the effects of speed of welding on isothermal con- 

tours are reviewed from a French publication of Portevin 

and Seferian, which is considered the most important 

publication in this field. The review is concisely sum- 

marized to show the advances made in welding of certain 

steels of plain carbon and low alloy grade which are 

easily welded and suffer no loss of toughness in the heat- 

disturbed zone. Remedies for the heat effect and a survey 

of future research requirements are given. W.H.B. 

“Mineral spar” for the enamel industry. A. Drerzev. 
Ber. Deut. Keram. Ges., 18 [4] 137-49 (1937).—‘‘Mineral 

spar” is a natural rock found in the Rhein-Neckar dis- 

trict of Germany and composed of about 73 SiO,, 13 Al,O; 

and TiQ,, 1.5 to 2.4 Fe,O;, and 9% K,O. For use in 

ground coats, ‘‘mineral spar’ was found to be as suitable 

as other German feldspars, pegmatites, phonolites, etc. 

In white cover coats it is not as suitable as feldspar. It 

has no opacifying action when introduced into the frit. 

The use of ‘“‘mineral spar’ has no effect on the acid re- 

sistance of the enamel. See Ceram. Abs., 16 [8] 237 

(1937). E.J.V. 

Porcelain enamel. ANon. Enmaillerie, 5 [11] 27-28 

(1937).—English enamelers have affixed a trade mark on 

all porcelain enameled goods in order to allow consumers 

to discriminate between fired organic paints and porcelain 

enamel. This trade mark has received full governmental 

support. M.D. 

Practical application of modern equipment. ANON. 
Products Finishing, 2 [4] 37 (1938).—An illustration of a 

96-ft. enameling firing oven is given. H.K.R. 

Principles and practice of drying enameled ware. P.G. 
PIcKWELL. Foundry Trade Jour., 55 [1059] 436-37 

(1936).—Drying as applied in the vitreous enameling 

industry involves the removal of water added to the enamel 

to make it adhere to the metal surfaces during wet dipping 

or spraying. The phenomena of evaporation as applied to 

water is discussed, and the drying by evaporation of wet 

enamel is described. The question of proper drying time 
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and temperature is pointed out, and the various ways of 

heating the air in the driers are considered. A conveyer 

system and mechanical drier are described which use 

loaded conveyers over the hot plate in a turbulent atmos- 

phere of heated air. These conditions are essential to 

prevent rust spotting, a complaint which demands the 

immediate application of heat for its elimination. 

H.ES. 

Seventh Meeting of German enamelers at Leipzig. 
L. VrecuHaBer. Enmiaillerie, 5 (3) 7-14; [4] 9-11 (1937). 
—Developments of the past year were reviewed. Pro- 

prietary opacifiers such as Hy-Opax of American manu- 

facturers and German Zinnit were mentioned. Patents 

were applied for in various countries on new opacifiers, 

some being made from alumina, others from ammonium 

molybdate; a general formula for opacifiers is a combina- 

tion of antimony oxide with zirconium or titanium oxide 

and the oxide of a bivalent metal. The trend toward the 

application of white ground coats on sheet steel was 

shown. Patents were given on special treatment of the 

base metal with iron metal oxides, Fe, Ni, or Co, to- 

gether with batch formulas for white ground coats, and 

on the actual application of the enamel, either for a decorat- 

ing purpose, ¢.g., the pouring of a colored enamel in a thin 

thread while shaking the ware on which it is poured, or 

for enameling some special ware, ¢.g., the blowing of 

air inside the brewery tank before firing the enamel. 

A laboratory grinding mill with a pot rotating on an ec- 

centric axis is called “Bloch Rosetti.” Particularly hard 

nozzles for sandblast machines are now mede of boron 

carbide. M.D. 

System iron-—cobalt-cobalt silicide-iron silicide. Ruvu- 
DOLF VOGEL AND Kurt ROSENTHAL. Arch. Eisenhiit- 

tenwesen, 9, 293-98 (1935-36); Met. Abs. (Inst. Metals), 

[2] 3 [1] 3 (1936).—The system was examined by thermal 

and micrographic methods and the equilibria are shown 

in a series of ternary and quasi-binary diagrams. CoSi 

and FeSi form a continuous series of solid solutions and, on 

addition of the other metal, form the ternary compound 

FeCoSi below 980°C. In the section iron-cobalt—Co,Si- 

FeCoSi-FeSi there are five planes of 4-phase equilibrium, 

two of which relate to transformation reactions, two to 

eutectic reactions, and one to a eutectoidal transformation. 

Analogous planes of equilibria occur in the section FeSi- 

FeCoSi-—Co,Si-CoSi, and since FeSi and CoSi and Co,Si 

and FeCoSi form continuous series of solid solutions, the 

3-phase equilibria in the quasi-binary system Co,Si—CoSi 

merge into those of the quasi-binary system FeSi-FeCoSi. 

Vitreous or porcelain enameling. E. L. Srine. 
Metal ind. [N. Y.], 35 [12] 622-23 (1937).—S. gives the 

detailed operation involved in the art of vitreous enamel- 

ing and discusses the requirements of the base metal and 

composition of the enamel. Methods of handling frit, 

enamel, and base metal are described. H.K.R. 

Water-soluble constituents in enamel. R. ALDINGER. 
Keram. Rundschau, 44 (50) 595-97 (1936).—Enamel slips 

contain a small quantity of water-soluble constituents 

which increase the suspension power. Gas-evolving salts 

produce reboiling. Weathering and faulty deposits are 

due to alkalis, chlorides, sulfates, and chromates. A. 

has devised a simple method to detect the presence of 

excess soluble salts. To prevent defects, A. recommends 
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reducing their content to a minimum. For cover substantial increase to the opacity, together with a gloss- 

coat, soda, borax, and MgSO, should be dispensed with. ing agent for the enamel, selected from the group con- 

F.E.V. sisting of hydrochloric acid, ammonium chloride, and 

Welding alloy steels. W.T. Davipson. Fab. Prog- compounds capable of yielding hydrochloric acid. 
ress, 1937, Sept.—Oct., pp. 142-45.—D. reviews alloy steel 

requirements for reaction and holding vessels for oil, 

chemical, food, etc., industries. The use of corrosion- 

resistant material lowers service cost because of longer 

life. The straight Cr alloys of 15.6% Cr are considered 

to be easily welded, and D. states that problems of grain 

growth and brittleness have been eliminated. With 

welded vessels for chemical reactions it is possible to 

seal the reaction from leaks on the liquid side and to the 

atmosphere. W.H.B. 

Welding stainless steel. V. W. Wuirmer. Welding 
Jour. [N. Y.], 16 [9] 8-19 (1937).—W. discusses adjust- 
ments required in the metallurgy of steels to meet welding 

conditions. The straight Cr steels can not be adjusted 

metallurgically to welding conditions and are, therefore, 

difficult to weld. The Cr-Ni steels can be adjusted to 
welding conditions by modification of analysis to include 

Si, Ti, Mo, and Cb or by reduction of C to below 0.08%. 

W.H.B. 

X-ray methods of studying stress relief in welds. 
T. Norton. Welding Jour. [N. Y.], 16 [10] Supp. . 
(1937).—N. reports research on X-ray determination ot 
elastic strains in welded joints. Details of procedure 

are given with a photo and a sketch of the outfit. Dis- 

cussion indicates that stress relaxation at various tem- 

perature levels may be determined by this method. 

W.H.B. 
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Inst., 612 N. Michigan Ave., Chicago, 1937. 

Free. 

PATENTS 

Clouded vitreous enamel. IGNaz Kreip.. U. S. 
2,102,630, Dec. 21, 1937 (Feb. 9, 1933). An article of 

manufacture comprises a metal article having thereon a 

coating of clouded vitreous enamel produced from a slip 

containing clay and having an opacity substantially 

greater than that which would be produced with the frit 

used and clay alone, a substantial part of the increase in 

opacity over that caused by the frit and clay alone being 

contributed by gas bubbles which are retained in the fired 

enamel. 

Making white clouded iron enamel. IGNaz KREIDL. 

U. S. 2,103,229, Dec. 21, 1937 (Nov. 7, 1933). In a 

method of producing a metallic article having thereon a 

coating of clouded vitreous enamel having an opacity 

substantially greater than that which could be produced 

with the frit used and clay alone, and in which a substan- 

tial part of the increased opacity is contributed by gas 

bubbles retained in the enamel, incorporating in the enamel 

slip containing clay, a gas-evolving agent which, upon 

firing of the enamel, evolves gases which are retained in 

the enamel at the firing temperature thereof in the form of 

bubbles of such sizes and number as to contribute a 

Nonoily vitreous enamel. FREDERICK SHURLEY (Ce- 
ramic Machinery Distributors, Ltd.). U. S. 2,104,531, 

Jan. 4, 1938 (Nov. 25, 1935). A vitreous enamel com- 

position comprises sodium silicate, ethylene glycol, glyc- 

erol, and cornstarch syrups. 

Opaque vitreous enamel. C. J. Kinzie (Titanium 
Alloy Mfg. Co.). U.S. 2,102,720, Dec. 21, 1937 (June 

12, 1934). The method of making opaque vitreous en- 
ameled and glazed ware comprises smelting part of a 
raw batch mixture of fusible enamel ingredients to form a 

relatively fluid melt and clear frit, then milling the clear 

frit mixed with lead zirconium silicate, the remaining 

ingredients of the batch, and water to prepare the enamel 

slip, coating the ware with the slip, and firing it to form 

the opaque enameled and glazed ware. 

Preparing an enamel frit for the production of white 
clouded iron enamel. I. Krerpri. Brit. 476,194, Dec. 
15, 1937 (Feb. 25, 1936). 

Pretreating iron surfaces. ALEXANDER KREIDL. U. S. 
2,104,427, Jan. 4, 1938 (Dec. 7, 1933). A method of 

pretreating iron, steel, cast-iron, etc., for enameling pur- 

poses comprises the steps of applying to the metal surface 

to be pretreated a combination of flux with iron sesqui- 

oxide and a monoxide selected from the group consisting 

of iron monoxide, nickel monoxide, and manganese 

monoxide, heating the surface in an atmosphere containing 

such an amount of oxygen that substantially no oxidation 

of the metal of the surface proper to iron sesquioxide 

occurs, and cooling the surface, whereby a rough coating 

is produced which adapts the metal surface for enameling. 
White clouded vitreous enamel. IGnaz U.S. 

2,103,228, Dec. 21, 1937 (April 8, 1933). In a method of 

producing a metallic article having thereon a coating of 

clouded vitreous enamel having an opacity substantially 

greater than that which could be produced with the frit 

used and clay alone, and in which a substantial part of 

the increased opacity is contributed by gas bubbles re- 

tained in the enamel, incorporating in the enamel slip 

containing clay a gas-evolving agent which, upon the 

firing of the enamel, evolves gases which are retained in the 

enamel at the firing temperature thereof in the form of 

bubbles of such sizes and number as to contribute a sub- 

stantial increase to the opacity, the gas-evolving agent 

being selected from the group consisting of highly poly- 

merized hydrocarbons, substitution products thereof, dis- 

persions of such highly polymerized hydrocarbons and 

substitution products thereof, resins, pitches, tars, and 

asphalts. 

Zirconium oxide vitreous enamel opacifier. C. J. 
Kinziz (Titanium Alloy Mfg. Co.). U. S. 2,102,627, 

Dec. 21, 1937 (Aug. 7, 1935). The method of making a 

vitreous enamel white opacifying composition from a 

zirconium oxide compound comprises mixing the zirco- 

nium compound with an alkali-metal reagent in a ratio 

not to exceed 4 parts of the reagent to 10 parts ZrO, in the 

compound and roasting the mixture, but without fusion, at 

temperatures from 800° to 950°C to convert the compound 

into the zirconium oxide opacifying composition. 

4 
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Annealing chamber furnaces. HERMANN PASSAUER. 
Sprechsaal, 70 {10} 129-32 (1937).—The theoretical curve 

of annealing is divided into (1) heating the ware from the 

temperature of charging to that of the release from ten- 

sions, (2) maintaining this temperature, (3) cooling the 

glassware to the lower cooling limit, and (4) further cooling 

to room temperature. The theoretical basis of this method 

of cooling is discussed, and the processes occurring during 

annealing of glassware are dealt with. The indispensable 

condition for good annealing is the uniform distribution 

of temperature in the chambers. The chief obstacle to 

such a distribution is the penetration of cold air from out- 

side. Annealing chamber furnaces are more efficient than 

other types of annealing furnaces. A modern chamber 

furnace is described. Illustrated. M.V.C. 

Breakdown field strength of solid electric insulating 
materials in the frequency range between 1 and 15 mega- 
cycles. R. Becker. Arch. Elektrotech., 30 [7] 411-29 
(1936).—The arrangement of the tests and especially the 

avoidance of surface discharges by correctly shaping the 

insulators are described. The breakdown strength is 

largely dependent on frequency and is generally reduced 

with increasing frequency. Mica and glass show the 

greatest reduction in the range from 1.5 to 13 xX 10* 

cycles. Wagner’s theory regarding the dependence of 

breakdown field strength on frequency, temperature, 

thickness of specimen, and dielectric loss was corroborated 

with a slight modification which eliminates the assumption 

of a hot spot before the breakdown. Examples are cal- 

culated. M.H. 

Colored glass for lighthouse purposes. J. G. Ho-mes. 
International Lighthouse Conference, Berlin, 1937, pp 

1-53; Jour. Soc. Glass Tech., 21 [87] A358 (1937). 

Diffusion of silver in glass. O. Kusascnewski. Z. 
Elektrochem., 42 [1] 5-7 (1936).—To supplement and, if 

possible, harmonize the results of Giintherschultze and of 

Halberstadt, this experimental method essentially com- 

bining the two procedures was designed. Diffusion coeffi- 

cients, temperature coefficients of diffusion, and the 

effect of oxygen were measured in the temperature range 

466° to 568°. Metallic silver and soda glass react only in 

the presence of oxygen. With diminishing oxygen pres- 

sure the amount of silver penetrating the glass decreases 

until, at about 40 mm., the amount decreases rapidly to 

zero at zero pressure. K. concludes that silver migrates 

as ions, in accordance with the assumption of Giinther- 

schultze. The question of the equivalence of the dif- 

fusion velocities in the diffusion of metallic silver into glass 

and of the silver from silver nitrate is left open. Experi- 

mental results show a considerable difference. E.J.V. 

Glass cloth wall paper. Anon. Bull. Amer. Ceram. 
Soc., 17 [1] 40-41 (1938). 

Glass versus nonceramic substitutes. E. G. ACKER- 
MAN. Ceram. Age, 27 [4] 88-90 (1936).—Glass containers 
are compared with paper and tin containers from the 

standpoints of technical and economic soundness. 

F.G.H. 

Glass wool and glass yarn. J. S. Ripvin. Lekgayo 
Prom., 16 [4] 104-108 (1937); abstracted in Chem. Zentr., 

1937, ii, 3216.—R. gives a general discussion of the manu- 

facture and treatment of glass for the textile industry. 

M.V.C 

Heat-resistant glass. Geruart Scuorr. Umschau, 

41, 804-806 (1937); Chem. Abs., 31, 8852 (1937).—The 

industrial uses of glass of low coefficient of expansion are 

briefly discussed with photographs of interesting pieces 

of equipment. 

History of glass manufacture in New England. Frep- 
ERICK H. Norton. Ceram. Age, 28 [3] 93 (1936).—A 
chronological outline is given. F.G.H. 

Hydrofluoric acid. ANon. Verre & Silicates Ind., 8 

[31] 368-69 (1937).—The production of hydrofluoric 

acid is described. The use of the acid for etching glass 

and for other purposes is briefly dealt with. Sodium hy- 

drofluosilicate is used in some enamels. M.V.C 
Joints between metal and glass. H. J. MeerKamp 

Van Emppen. Phillips Tech. Rev., 2 {10} 306-12 (1937). 

—A survey is given of glass-to-metal joints and the de- 

mands made upon them in X-ray and transmitting-tube 

practice. The application of chrome iron to glass seals is 

discussed in detail. Curves showing the expansion of 

nickel iron and chrome iron are given. The requirements 

that a metal must satisfy are given. Methods of making 

the seals, equipment with which the work is done, and 

samples of the finished product are given in 14 illustrations. 

H.K.R. 

Limitations of tubular ground-glass joints. A. M. 

SkeELLetr. Rev. Sci. Instruments, 7, 179-80 (1936).- 

A consideration of the stresses involved in ground-glass 

joints when used in vacuum apparatus indicates that the 

weakest part of such a joint is the wall of the outer mem- 

ber. For dependable large joints, all the dimensions 

should be increased proportionally. S. suggests that, 

after grinding, the surfaces be etched slightly to relieve 

strains. H.E.S. 

Luminescent glasses. O. Knapp. Keram. Rundschau, 
44 [31] 363-65 (1936).—Heavy metal sulfides are the 

luminescent elements in crystals. The light causes their 

dissociation into heavy metal and sulfide ions with energy 

absorption. Later the ions unite again, and light energy 

is liberated during a limited time. The wave-length 

depends on the nature of the heavy metal. In glasses, 

cautious annealing is necessary to retain the active metal 

sulfides. Iron counteracts luminescence. Divalent man- 

ganese salts are active, even in small quantities. F.E.V. 

Manufacture of thermometric glass at the “Druzhnaya 
Gorka” works. I. K. Anprznievskrl. Keram. & 
Steklo, 13 [9] 4~7 (1937).—The physicochemical proper- 

ties and composition of the glass are given in tables, and 

its manufacture is briefly discussed. M.V.C. 

Manufacturing defects of glass as a basis of its tech- 
nology. H. Jessen-Marweper. Glashiite, 67 (3) 48-49 

(1937).—The nature and properties of glass are briefly 

discussed. The value of glass lies in its transparency and 

every defect injures it. See Ceram. Abs., 16 [1] 16 (1937). 

M.V.C. 

Nonreflecting bent glass windows. ANON. Ausira- 
lian Food Manuf., 7 (3) 36 (1937).—In the ordinary type 

of shop window, it is often possible to see nothing but re- 

flections, thus necessitating expensive lighting from in- 
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side. By scientific bending, determined mathematically 

for each size and location of window, the nonreflection of 

the glass gives the effect of an unglazed and unprotected 
opening permitting the ware to be handled. H.HS. 

Optical properties of Polaroid for visible light. Martin 
GraBau. Jour. Optical Soc. Amer., 27, 420-24 (1937).— 
Routine research and the expansion of production of 

Polaroid during the past year have brought about im- 

provements in its properties. Measurements of spectral 

distributions of transmission, degree of polarization, and 

variations in degree of polarization have been made on 

commercial Polaroid produced during July, 1937. Trans- 

missions have been calculated for two pieces superposed 

with their axes respectively parallel and crossed. See 

Ceram. Abs., 16 [1] 32; [5] 147 (1937); ‘‘Applications—,”’ 

tbid., 17 [1] 10 (1938). A.P. 

Pressed glass. W.H.Husr. Jnd. Gas, 16 [6] 19, 24, 

25 (1937). S.S. 

Pyrex brand glass seals. V.H. FRAENCKEL. Rev. 
Sci. Instruments, 7, 395 (1936).—F. has found that Corning 

glass code No. 542 is a better intermediate sealing glass 

for code No. 772 to 774 glass seals than code No. 332 

(uranium glass). The actual making of the seal is simpli- 

fied, and it produces a more strain-free condition under 

similar annealing conditions than the use of code No. 332 

glass as an intermediate. One probable reason for this 

superiority is that the expansion coefficient of code No. 

542 glass lies between the coefficients of code No. 772 and 

No. 774 glasses, while that of code No. 332 (uranium glass) 

does not. Code No. 542 glass has also been used as a 

beading glass for tungsten with fairly satisfactory results. 

This glass has an expansion coefficient of 35 X 1077, a 

softening point of 784°C, and a strained point of 499°C. 

H.E.S. 
Relationship between optical constants and the struc- 

ture of glass: IV-V, Three-component glasses. TdOru 
Takamatsu. Repts. Imp. Ind. Research Inst., Osaka, 
Japan, 17 [1] 1-143; [2] 1-120 (1936); Chem. Abs., 31, 
2371 (1937).—The influence of various important con- 

stituents of optical glasses on the optical properties has 

been studied in detail. For this purpose, mp, the average 

dispersion (mr — mc), and v value (dispersive reciprocal) 
were determined in glasses having the following compo- 

sitions: xR,O-yMO-6SiO., where R = Na or K, M = 

Ca, Ba, Pb, or Zn, and x and y are variable numbers of 

molecules. With B, the samples had the composition of 

After the numerous data were 

studied, the following equations were developed: (a) 

Alkali-Ca glass: When (R:O + CaO) is less than 2.4 

mol., mp = 1.4787 + 0.0006 m + 0.0104 Na,O + 0.0108 

K,O + (0.0079e~"°**" + 0.0225) CaO, where m = 
K,0/(K:0 + Na,O). When (R:O + CaO) is greater than 
2.4 mol., mp = 1.4913 + 0.0051 R:O + (0.0088e~°°"™ + 
0.0163) CaO. 105 X average dispersion = 743.0 + 

60.8 Na,O + 47.5 K,0 + 66.1 CaO. v = 64.33 — 3.31 

Na,O + 2.30 K,O0 — (1.18 + 0.67m) CaO. (6) Alkali- 

Pb glass: When R,0O is less than 1.2 mol., mp = 2.2909 — 

0.8319e-1319PP° + {0.0224 — (0.011 + 0.0054m) (PbO 
— 0.4)} R:O. 10° X average dispersion = 709 + 558 

PbO + {118 — (3.8 + 26.7m) PbO} R.O. » = 
35.5e~°-795P9 4 95.9 — (3.30 — 0.43m — 0.78 PbO)R,O. 
When R,O is greater than 1.2 mol., mp = 1.4810 + 

Ceramic Abstracts Vol. 17, No. 3 

0.0877 PbO + (a — de®) R,O, where a = 0.0109 + 
0.0060 m, b = 0.0005 + 0.0045 m, c = 1.589e-**°" — 
0.765. 105 X average dispersion = 800 + 568 PbO + 

{36.0 + (18.0 — 29.8 m)PbO} R,O. » = 34.3¢~%790PH° 4 
26.2 — (1.90 — 0.6m — 0.65PbO)R,0. (c) Alkali-Ba 

glass: np = 1.6556 — 0.1963e~%2Bs0 4 {(0.0248 + 
— (0.0043 + 0.0076m)} R,O. 10° X 

average dispersion = 1322 — 649e~*-*%Bs0 — {76.1 — 
9.0m — (28.6 — 9.3e-**°")BaO} » = 
+ 53.5 — (3.8 — 0.6m — 1.0 BaO)R,O. (d) Alkali-Zn 

glass: mp = 1.5817 — 0.1218¢~* 4584299 4. 4 
7) RsO, where a = 0.0025e'°**" + 1.0118, 8 = 0.0144 
(m + 0.1)-*°** + 1.06, y = 0.0089 — 0.0029e°%***. 
10° X average dispersion = 1263 — 585¢~°-?9!%2° 
(5le 35m) R,O. » = 65220 + 

53.2 — {(3.0 + + RO. 
When the number of molecules of MO increases, mp also in- 

creases (except with B,O,;). When M is Pb, np shows the 
greatest value, whereas Ba, Ca, Zn, and B give consider- 

ably lower values. The average dispersion is greatest 

when Pb is used. Ba; Zn, and Ca give lower values in the 

order given, while B gives the lowest dispersion. y value, 

on the other hand, is smallest when Pb is used, while 

other metals give higher values and B gives the highest 

value. The results of this study tend to discard the old 

rule-of-thumb method and introduce the new quantita- 

tive scientific method of glass manufacture of desired 

optical properties. Numerous data and graphs are given. 

Revolution in glassmaking. W. E. S. TurRNER. Pot- 
tery Gaz., 61 [704] 227-33 (1936); abstracted in Nat. 

Glass Budget, 51 [43] 13 (1936). M.C.S. 
Simple strain analyzes for glass seals. A.W. HULL AND 

E. E. Burcer. Rev. Sct. Instruments, 7, 98-100 (1936).— 

A method for measuring the strains in a cylindrical glass 

seal is described. The seal is placed between crossed 

Nicols, with its axis at 45° to the plane of polarization, 

and a thin quartz wedge of about '/,° angle is inserted be- 

tween the seal and the analyzer. The field of view is then 

crossed by parallel dark lines, each representing an integral 

number of wave-lengths of path difference of the ordinary 

and extraordinary rays in the quartz. These lines are 

undeviated by the seal if it is free from stress; if it is 

stressed, however, they will be displaced by an amount 

proportional to the difference of path of the ordinary and 

extraordinary rays in the glass. The direction of the stress 

and its magnitude can be directly calibrated by substitut- 

ing for the seal a glass rod loaded with a weight. [Illus- 

trated. H.E.S. 

Sliding ground-glass joint. J. Fine. Rev. Sci. In- 

struments, 7, 192 (1936).—A convenient new type of 

ground-glass joint suitable for use in an all-glass apparatus 

in which it is desired to disconnect temporarily is illus- 

trated. This type of joint eliminates the necessity for 

moving any other part of the apparatus, and it is particu- 

larly useful in introducing fresh desiccating materials, 

reagents, new filtering plugs, adsorption media such as 

charcoal or silica gels, etc. H.E.S. 

State of glass. G. Tammann. Abh. Ges. Wiss. Gét- 
tingen, Math.-physik. Klasse, pp. 92-105 (1937); ab- 

stracted in Chem. Zenir., 1937, ii, 2945.—Studies on the 

glass state made by T. and his collaborators are reviewed. 

The following topics are extensively discussed: (1) brittle- 

4 
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ness and temperature dependence of physical properties 

of glasses, (2) dependence of density of glass on the pressure 
of solidification, (3) dependence of volume on pressure 

and temperature in the softening interval of glasses, (4) 

surface tensions in the range of the highly viscous state, 

(5) shaping of viscous materials, (6) differences in the 
solidification of glass and crystal surfaces, (7) computation 

of crystallized centers, (8) method for changing into the 
glass state, and (9) condensation of vapors. M.V.C. 

Structure of silica glass by X-ray diffraction studies. 
B. E. WARREN AND J. Biscoz. Jour. Amer. Ceram. Soc., 
21 [2] 49-54 (1938). 

Testing the parallelism of glass plates. H. F. Matm- 

strom. Rev. Sci. Instruments, 7, 216-17 (1936).—M. 

describes a method of testing the parallelism of glass 
plates. Illustrated. H.E.S. 

Tests disprove theory that glassware bloom is caused by 
dust from fiber containers. G. R. McDanier. Nat. 
Glass Budget, 53 |8) 4, 8 (1936-37); Jour. Soc. Glass Tech., 

21, A279 (1937).—Dust and lint collected in a box-making 

plant contained 5% dried silicate of soda. Sample glass 
mustard jars with wide mouths were taken from a package as 

received from the glassworks and prepared for test so as to 

yield the evidence of the effects of (a) absence of dust, (b) dust 

as collected in ordinary packing, (c) excessive dust containing 

no silicate of soda, and (d) dust rich in silicate. All 

samples were stored open by turns in a glass jar containing 

water, so that the relative humidity of the atmosphere 

was 100%, and in the open room when drying occurred. 

The exposures in the damp and dry were for three-day 

periods each, the cycle being repeated continuously for 

five months. None of the samples was etched or showed 

bloom. During the damp treatments, condensation took 

place at times due to changes of temperature, and, when 

dried, ‘“‘water specks’ were left but these were readily re- 

moved by a dry cloth. These specks appeared on a 

washed, dried bottle and <::zht have given rise to the idea 

that dust or silicate of soda causes etching. No actual 

etching was produced by chip liner dust, chestnut cor- 

rugated medium, or abnormal amounts of dust from box 

partition cuttings, even when the conditions had been 

severe, simulating storage in a damp warehouse with 

changes in humidity and temperature. 

BOOKS 

Course in Glassmaking (Cours de Verrerie): I, Chem- 
istry of glass; II, Thermal physics of glass; III, Annealing 
glass, its working; physical properties of cold glass. 
Emitio Damour. Ch. Beranger, Paris, 1936. Price un- 

bound 165 F, bound 180 F. Reviewed in Glashitte, 67 
[32] 500 (1937); see Ceram. Abs., 15 [6] 178 (1936). 

M.V.C. 
Temperature measurements on glassmelting furnaces: 

I, Directions for installing temperature-measuring equip- 
ment on a glassmelting furnace. K. Merzcer. Fach- 
ausschussber. (Deut. Glastech. Ges.) JJ, No. 20, 24 pp. 

(1932).—The measured temperatures should permit the 
appreciation of thermal conditions prevailing in the 

melting, refining, and working parts of the furnace; the 

temperature of the crown, side walls, and burners should 

also be taken. Temperature must be permanently re- 

corded. The range of temperatures measured, types of 
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pyrometers, and their practical uses are reviewed as 

follows: (1) Pt-Pt Rh thermoelement, 20° to 1500°C 

(mean temperature of the flame); (2) Pt-Pt Rh thermo- 

element immersed in the metal, 20° to 1250°C (glass tem- 

perature); total radiation pyrometer, 800° to 1600°C (flame 

and wall temperatures); (4) partial radiation pyrometer, 

disappearing filament pyrometer, 800° to 1600°C, individual 
appreciation (used for checking the accuracy of the perma- 
nent pyrometer); (5) suction pyrometer fitted with Ni-Ni 

Cr thermoelement, Ni-Cr sheath, up to 1250°C (true tem- 

perature of hot gases); (6) suction pyrometer fitted with 

Pt-Pt Rh thermoelement, water-jacketed, up to 1550° 

(true temperature of flame and hot waste gases). Ther- 

moelement and total radiation pyrometers will not give 

the same temperature value for a given hot body because 

they are based on different principles. The thermo- 

element gives approximately the temperature of the fur- 

nace wall, which does not differ greatly from that of the 

metal; as the total radiation pyrometer is influenced by 

the brightness and thickness of the flame, the temperature 

recorded is more or less lower than the flame temperature 

but always higher than the wall temperature. The 

choice of pyrometers and conditions of setting according 

to the type of furnace and the firing conditions prevailing 

in it are considered. Particulars are given about a new 

type of pyrometer used for measuring the temperature of 

the metal at different depths. II, Control of pyrometric 
equipment. W. ScHNEEKLOTH.—Repeated failures in 

glass manufacturing due to heat variations often result 

from an underestimation of the various sources of errors. 

Equipment permanently recording temperatures above 

1000°C should be checked every day if the accuracy of the 

measurement is to remain within +15°C. S. stresses 

the main factors affecting the accuracy of the instruments, 

viz., the tendency of Pt to form alloys with other metals 

when submitted to high temperature and subsequent 

variation of the e.m.f. engendered in the thermocouple in 

service, efficiency of the protecting sheaths, etc. III, 

Checking and gaging thermoelements and optical pyrome- 
ters. W. Bissinc.—B. emphasizes the necessity of 

frequently gaging and readjusting temperature-measuring 

instruments and the need for a thorough control of all 

accessories employed in pyrometric equipment. Correct 

recording not only requires proper apparatus adequately 

installed but also skill and experience on the part of per- 

sons who use them. R.W.D. 

PATENTS 

Apparatus for: 

Drawing sheet glass. N. V. HoLLaNpscHe voor 

DE VERVAARDIGING VAN Gras. Fr. 810,825, March 31, 

1937; Chem. Abs., 31, 8859 (1937). Means for remov- 

ing fragments while the glass is in movement are de- 

scribed. 

Drawing sheets of glass. N. V. 

VOOR DE VERVAARDIGING VAN Gras. Fr. 811,297 and 

811,298, April 10, 1937; Chem. Abs., 31, 8859 (1937). 

Making fibers from glass. Owens-ILiivors GLass 
Co. Fr. 810,403, March 22, 1937; Chem. Abs., 31, 

8859 (1937). 

Raising an endless glass band from fused glass. N. V. 
HOLLANDSCHE MIJ. VOOR DE VERVAARDIGING VAN GLAS. 
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Ger. 648,900, Aug. 11, 1937; Cl. 32a. 23.01; Chem. Abs., 
31, 8859 (1937). 
Supporting glass sheets. R.S. Hinsey (Libbey-Owens- 
Ford Glass Co.). U.S. 2,103,850, Dec. 28, 1937 (Dec. 

26, 1935). 

Coating discharge lamps with granular material. Part- 
ENT TREUHAND Ges. FUR ELEKTRISCHE GLUHLAMPEN 

M.B.H. Ger. 645,299, April 29, 1937 (March 5, 1936); 
P 72,821, VI/32b, Gp. 9; Jour. Soc. Glass Tech., 21 [87] 
A322 (1937). The surface is first etched by an acid bath 
to produce a gelatinous film, and on this the material is 

sprayed or otherwise coated, the excess solution being 

removed by evaporation. 

Furnace for fusing glass. FORGES ET ATELIERS DE 

CONSTRUCTIONS ELECTRIQUES DE JEUMONT. Fr. 47,020, 

Nov. 30, 1936; Chem. Abs., 31, 8145 (1937). Addition to 

Fr. 802,598, Sept. 8, 1936. 

Glass-cutting rule. J. A. Havucuey. U. S. 2,104,301, 

Jan. 4, 1938 (May 24, 1937). 
Glass-drawing apparatus. H. L. Hapacu (Pitts- 

burgh Plate Glass Co.). U. S. 2,104,460, Jan. 4, 

1938 (Feb. 13, 1937). 
Glass insulators for electrical purposes. CorNING 

Grass Works. Brit. 476,401, Dec. 22, 1937 (Jan. 31, 
1936). 

Glass-to-metal joints. GeneraL Evecrric Co., Lrp., 

R. L. BREADNER, AND E. J. Gutrripce. Brit. 476,602, 

Dec. 22, 1937 (June 8, 1936). 
Laminated safety glass. G. B. WarkINns AND R. W. 

WaMPLER (Libbey-Owens-Ford Glass Co.). U. S. 2,103,- 
883, Dec. 28, 1937 (Dec. 20, 1933). Laminated safety 

glass comprises two sheets of glass and an interposed 
layer of cellulose acetate plastic formed from raw cellulose 

acetate plasticized with a mixture of an ester of phthalic 

acid and carbitol acetate in the ratio of approximately 

76 parts of total plasticizer to 100 parts of raw cellulose 
acetate in the finished sheet. 

Making hollow articles of laminated glass. Guvas- 
HUTTENWERKE PHONIX G.M.B.H. Ger. 648,521, Aug. 3, 

1937; Cl. 32a. 8; Chem. Abs., 31, 8860 (1937). Addition 
to Ger. 647,268, July 1, 1937. 

Metal-to-glass seals. WesTincHouse Execrric & 
Merc. Co. Fr. 809,753, March 10, 1937; Chem. Abs., 31, 

8860 (1937). An Fe alloy is used having practically the 
same coefficient of expansion as glass, ¢.g., the Fe-Ni-Co 

alloy known as Kovar, and this alloy is coated electrolyti- 

cally or otherwise with a metal such as Cr which has the 

property of being wetted by molten glass and of diffusing 

into the alloy when heated. An air-tight joint is ob- 
tained between the coated alloy and glass. 

Metallizing composition for giass. R. D. Smrrn (Corn- 
ing Glass Works). U. S. 2,103,598, Dec. 28, 1937 (Feb. 
11, 1935; Nov. 21, 1935). A metallizing composition 

which contains an easily reducible metal and a flux com- 

prising substantially equal parts of a borate and a fluoride 

of a metal of the group consisting of lead and barium. 

Method and apparatus for feeding molten glass. F. L. 
O. WapswortH (Ball Brothers Co.). U. S. 2,104,215, 
Jan. 4, 1938 (March 21, 1934). 

Method and apparatus for shaping bodies. 
KIMBLE AND Harry RICHTER (Kimble Glass Co.). 

2,103,585, Dec. 28, 1937 (Feb. 21, 1935). 

H. K. 
U. S. 

Ceramic Abstracts Vol. 17, No. 3 

Method of manufacturing multipart glass articles. W. 
P. ZIMMERMAN AND M. K. Hotmes (Owens-Illinois Glass 
Co.). U. S. 2,105,174, Jan. 11, 1938 (May 20, 1936). 
The method of effecting a glass-to-glass bond between 

molded glass parts consists in dipping only those surfaces 

to be united and surfaces in close proximity thereto into 

a bath of molten material which will not adhere to the glass 

yet will render the surfaces semiplastic and capable of 

adhesion to each other and bringing these surfaces to- 

gether under pressure while still semiplastic. 

Method and means for abrading lenses. C. E. ANDER- 
son (Bausch & Lomb Optical Co.). U. S. 2,105,175, 
Jan. 11, 1938 (March 7, 1930; renewed May 14, 1937). 

Obtaining plastic relief in sandblast decoration. P1LK- 
INGTON Bros., Ltp. Ger. 645,217, April 29, 1937 (June 
7, 1934); P 69,538, IV./75d, Gp. 15; Jour. Soc. Glass 

Tech., 21 [87] A348 (1937). In glass decoration involving 

mat and clear effects on both surfaces of the glass, the 

clear and mat fields on one side are sharply defined while 

on the other they gradually shade into each other. This 

gives the appearance of plastic relief when viewed by re- 

flected light. 
Plate-glass transfer and turnover apparatus. H. S. 

HEICHERT (Pittsburgh Plate Glass Co.). 2,104,422, 

Jan. 4, 1938 (Nov. 22, 1935). 
Production of multilayer glasses for spectacles. Bauscu 

& Loms Optica, Co. Ger. 643,864, March 25, 1937 
(Sept. 26, 1934); B 167,001, VI/32a, Gp. 27; Jour. Soc. 
Glass Tech., 21 [87] A338 (1937).—A disk of glass of 
lighter color is laid on an annulus of darker colored glass 
and fused thereto, after which the annulus is ground away 

on a curve passing through the point of contact of the 

disk and annulus so that a lens is produced with an outer 

area increasing in depth of color toward the edge. 
Reflector. F. P. Kors (Bausch & Lomb Optical Co.). 

U. S. 2,103,538, Dec. 28, 1937 (Nov. 22, 1934). A re- 
flector comprises a glass body, a reflective layer of silver 

on the body, a layer of copper on the silver, and a pro- 

tective coating, the coating being composed principally of 

glycerol phthalate and containing a metallic pigment. 

Refractory glasses. GENERAL Execrric Co., Ltp., 
AND J. H. Partripce. Brit. 476,400, Dec. 22, 1937 (Aug. 
26, 1936). 

Safety glass. ELexKrro-Osmose (Graf Schwerin Ges.). 
Fr. 809,528, March 4, 1937; Chem. Abs., 31, 8860 
(1937).—The intermediate layer is composed of 
polymerization products, such as polyvinyl acetate and 

polyacrylic acid ester, and contains at least one solvent 

for the polymerization product, the boiling point of this 

solvent being between 100 and 220 for a coefficient of 

evaporation above 30°. Examples of solvents are diace- 
tone alcohol, methylcyclohexanone, methylglycol acetate, 

cyclohexane, and furfurol. 

Sealing of electric conductors into quartz envelopes. 
GENERAL Exvectrric Co., Lrp., V. J. Francis, N. L. 

HARRIS, AND J. W. Rype. Brit. 476,488, Dec. 22, 1937 

(June 5, 1936). 

Silvering glass. Soc. ANON. DES MANUFACTURES DES 
Graces & Propurts CHIMIQUES DE St. GOBAIN, CHAUNY 

& Crrey. Ger. 648,584, Aug. 4, 1937; Cl. 326.10; Chem. 

Abs., 31, 8859 (1937).—A method of coating giass with 

metals or alloys by centrifuge or spraying is described. 

= 
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Structural Clay Products 
Brick in railway engineering. T. H. Seaton. Trans. 

Ceram. Soc., 36 [7] 311-21 (1937).—S. discusses fotir types 

of British brick used in railway engineering and mainte- 

nance of structures on a British railroad. R.A.H. 
Effects of soluble salts in clay products. B. Burrer- 

wortH. Trans. Ceram. Soc., 36 [5] 233-42 (1937).— 
B. deals chiefly with the effects produced by soluble salts 

present in brick or tile as they leave the kiln. The general 

inference from a study of the various deleterious effects 

of sulfates in brick is that prevention is better than cure. 

Research has shown that the reduction of salt content is to 

be achieved by hard-firing, a process essential to good 

durability in clay products. Magnesium sulfate can 

usually be eliminated in this way, so that harder firing 

combined with care in sorting is the obvious method by 

which magnesium sulfate can be avoided. Calcium sul- 

fate can not be completely eliminated by control of firing 

or by any means readily available to the brickmaker, but 

as this salt is liable to cause failure only in very damp 

conditions, brick containing it may be safely used if the 

builder bears this fact in mind. R.A.H. 

Progress in the field of heavy ceramics in 1936. C. R. 
PLATZMANN. Ziegelwelt, 68, 151-54 (1937); Chem. Abs., 
31, 8852 (1937).—P. gives a general review of improved 

practices and equipment used in heavy ceramics with a 

bibliography. 

Selection and testing of brick for railways. L. G. B. 
Rocx. Trans. Ceram. Soc., 36 [5] 243-53 (1937); see 

PATENTS 

Apparatus for separating in one operation hollow brick 
from a clay rod, etc., and for closing the brick. A. H. 
Utiricn. U. S. 2,103,802, Dec. 28, 1937 (July 22, 1935). 

Brick and tile machine. P. M. Cartiste (Panama 

Brick & Tile Co.). U. S. 2,104,293, Jan. 4, 1938 (Nov. 
13, 1936). 

Building block and construction. NaTuHan Davison. 
U. S. 2,104,152, Jan. 4, 1938 (Feb. 9, 1937). 

Fabricated brick construction. E. V. Posron. U. S. 
2,105,613, Jan. 18, 1938 (June 17, 1935). A portable 
panel of brick wall construction comprises a panel made 

of brick units each laid in rows and arranged with adjacent 

rows in broken jointed formation; the brick each provided 

with two or more transverse holes, which are aligned with 

holes of adjacent brick in adjacent rows, reinforcing rods 

extending through the aligned holes, and a binding agent 

such as cement filling the space between the brick and 

filling the holes about the reinforcing rods; the panel 

having its terminal brick set to provide a fitting relation 

in broken jointed formation with adjacent panels when 
aligned in a wall therewith and a reinforcing rod with a 
cement filler between the adjacent brick in the adjacent 

panels and the terminal brick of the adjacent panels ar- 

ranged to be thus tied together and reinforced in like 

manner when fitted together at an angle with each other; 

the wall construction when set up defining a part of a 
building construction. 

Ceram. Abs., 16 [5] 150 (1937). R.A.H. Method of brick hacking for unit handling. W. J. 
Sutirvan (Cyril P. Mertens). U. S. 2,103,649, Dec. 28, 

1937 (Nov. 5, 1936). ' 

Refractories 

Advances in the industry of refractory materials. G. 
BatTa AND L. Scueepers. Rev. Universelle Mines, 11, 
10-20, 41-45 (Jan., 1935).—In this admittedly incom- 
plete essay, rather complete information is given on raw 

materials with special references attached. The changes 

which these materials suffer during firing and in actual 
use are noted. The authors give a number of products 

of recent application, such as mullite, corundum partly 

fused, siemensite, magnesium orthosilicate, etc., generally 

used for special purposes. In conclusion, testing methods 

regarding the refractory materials are described. 74 

references. E.WS. 

Analysis of refractories. E. AZZARIELLO AND F. 

ApraMo. Internat. Assn. Testing Materials, London 
Congress, May, 1937, Paper B59; abstracted in Analyst, 

62 [736] 575-76 (July, 1937). H.H.S. 
Apparatus for the determination of the porosity of fire- 

brick by gas expansion. H. T. S. Swatitow. Trans. 
Ceram. Soc., 36 [9] 384-94 (1937).—The advantages of the 
gas-expansion method for determination of porosity over 

the liquid-absorption method are enumerated. The gas- 

expansion method is more accurate, more rapid, and has 

the advantage that the determination can be made on full 

sized brick. The principle of the method is explained, 

an apparatus designed for the determination of porosity 

and the method of using it are described in detail, and 
the errors likely to arise are discussed. R.A.H. 

Calculation of the heat absorption on irradiated cooled 

surfaces. R. STROEHLEN. Arch. Wérmewirt., 17 [7] 
179-84 (1936).—S. compares and discusses Wohlenberg’s 

method of calculating heat absorption along cooled furnace 

walls with other methods and observed results. Diagrams 

are given for each, and a typical case is analyzed and cal- 

culated by several methods. In many instances the use 

of the simple Stefan-Boltzmann relation provides the best 
results. F.P.P. 

Clays of U.S.S.R. for manufacturing glass pots. A. N. 
Myasoepov AnD A. I. Bonparev. Keram. & Steklo, 

13 [9] 13-20 (1937).—The properties and composition of 
the German Kassel clay, used in the manufacture of pots 

for melting glass, are compared with those of a series of 

clays found in Russia. Data are tabulated. M.V.C. 

Course in glassmaking. Summary. D. R. Verre & 
Silicates Ind., 8 [28] 332-35; [32] 382-86 (1937).—R. 

discusses the manufacture of refractory materials for 

glassmelting furnaces and their characteristics. See 

Ceram. Abs., 16 [8] 261 (1937). M.V.C. 

Experiments on the grading, porosity, and permeability 
to air of sillimanite brick. F. H. Crews anp A. T. 
Green. Bull. Brit. Refrac. Research Assn., No. 35 (1934); 

reprinted in Trans. Ceram. Soc., 36 [6] 266-75 (1937); 

see Ceram. Abs., 14 [11] 279 (1935); 15 [7] 207 (1936). 

R.A.H. 

Grading of coarse refractory aggregates. J. H. Cues- 
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TERS. Trans. Ceram. Soc., 36 377-83 (1937).—From 

a study on the grading of coarse aggregates obtained by 

means of a machine of the type designed by Westman and 

Hugill (Jour. Amer. Ceram. Soc., 13 [10] 767-79 (1930)), 

the following conclusions were deduced: (1) dense ag- 
gregates containing up to 50% of '/;-in. to '/,-in. material 
and having porosities as low as 19.5% can readily be ob- 
tained by control of the grading; (2) the densest mixture 

obtained had a grading of 50% '/:-in. to '/,-in. material, 
20% of 7- to 25-mesh material, and 30% through 25- 
mesh; (3) this mixture shows a marked tendency to 

segregate, a limitation which may prevent its successful 

application in industry; (4) any detailed study of the 
packing of coarse aggregates would require years of study, 
but such work as has been carried out suggests that these 

materials pack in an essentially similar manner to less 

coarse mixtures, provided the relative grain-size ratios 

are suitably adjusted. R.A.H. 
Improved steel-encased magnesite brick. ANon. Ind. 

Heating, 4 [8] 685 (1937).—The brick consists of chemi- 
cally bonded magnesite after being molded to size under 

high pressure and is encased on three sides in a jacket of 

mild steel. Under operating temperatures the jackets 

melt; oxidize, and fuse with the brick, forming a mono- 

lithic surface on the outside; a short distance back the 

steel remains intact and adds to the strength of the struc- 

ture. The brick are applied in open-hearth furnaces, 

cement kilns, and other high-temperature kilns. M.H. 

Improvement of saggers: I, Technical Laboratory of 
Aichi Prefecture. ANon. Jour. Japan. Ceram. Assn., 45 
[529 Supp.] pp. 1-13 (1937).—A thorough investigation 
on sagger presses and molds prevailing in the Prefecture of 

Aichi is described. Hand presses are used for smaller 

saggers. Among power presses, the friction press is most 

widely used. Moldsare usually made of castiron. Malle- 

able-iron molds cost about three times more, but they are 

greatly resistant to abrasion. The outer surface of the 
friction wheel is usually inlayed with vertical strips of 

leather. The dry pan and stamp mill are employed for 

the grinding of grog. The lower surface of the stamp 

head is rectangular and toothed. The construction of a 

de-airing plunger and a mold for saggers with widened 

bottoms is discussed. Hand-made saggers last longer 

than machine-made saggers because the former are more 

homogeneous and are beaten well at the leather-hard 

state. II. Jbid., [530 Supp.] pp. 1-9.—A novel friction 
press has been designed by the laboratory. The main 

improvements are as follows: (1) The body in the lower 

mold is pressed from both the upper and lower sides; (2) 

the pressure is indicated by a hydraulic pressure gage; 

(3) when round saggers are shaped, the upper and lower 
molds are revolved in opposite directions; (4) the lower 

mold is opened automatically as soon as it is drawn out, 

enabling the shaping of saggers whose top diameter is 

equal to or smaller than the bottom diameter; (5) the 

lower mold is pushed and drawn on a ball bearing; (6) 

excessive body is pushed out from grooves of the upper 

and lower molds. The construction of the machine is 

given in detail. S.K. 

Insulating fire brick in incinerators. ANon. Ind. 
Heating, 4 [7] 587-88 (1937)—A 2600°F insulating fire 
brick was used in combustion chambers and flues of an 
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incinerator. Slagging was reduced to a minimum because 

of the low heat-storage content of the brick which were 

laid and faced with air-set cement. M.H. 
Italian clays for the manufacture of glassmelting tanks. 

Renato Moretti. Ind. Vetro & Ceram., 9 [2] 84-90, 
130-34 (1936); abstracted in Chem. Zentr., 1937, i, 4411; 

see Ceram. Abs., 16 [1] 24 (1937). M.V.C. 

Mechanical properties of refractory materials. A. L. 
Roperts. Trans. Ceram. Soc., 36 [8] 326-41 (1937).— 

R. summarizes the work which has been done on the study 

of the mechanical properties of refractory materials. 

Emphasis has been placed on the relation between the 

mechanical properties of refractories and their tendency to 

spall. R.A.H. 

Modulus of elasticity of magnesite refractories: II. 
S. Konpo anp H. Yosuipa. Jour. Japan. Ceram. Assn., 
44, 713 (1936); Trans. Ceram. Soc., 36 [4] 32A (1937).— 

A study was made of the effect of auxiliary constituents 

of magnesite refractories, such as silica, alumina, ferric 

oxide, and chromic oxide, on the modulus of elasticity of 

the refractories. III. Jour. Japan. Ceram. Assn., 44, 
789 (1936); Trans. Ceram. Soc., 36 [4] 33A (1937).—The 
modulus of elasticity at room temperatures was inves- 

tigated. The results indicate that the modulus of elastic- 

ity is not always inversely proportional to the porosity. 

Cleavages of periclase crystals are almost absent in those 

portions of the refractory rich in forsterite, are fine and 

numerous in those portions poor in forsterite, and are 

large and few where forsterite is almost absent. The 

refractories in which periclase crystals are well developed 

and polygonal in shape are not necessarily elastic. Round- 

ness of grain appears to favor elasticity. For Parts I and 

IV see Ceram. Abs., 17 [2] 73 (1938). 

Nozzles and stoppers used in steel works. SHIGERU 
Waxkabayasal. Jour. Japan. Ceram. Assn., 45 [531] 
144-48 (1937).—Kawasaki Ceramic Co. has been at- 

tempting to improve nozzles and stoppers since Feb., 

1936, and has succeeded in manufacturing refractories 

equal to those made by Kunz & Co., Germany. Methods 

of manufacturing, their chemical and physical -properties, 

and the results of practical service are compared as follows: 

Kawasaki 
Kunz & Co, Ceramic Co. 

Silica (%) 54.86 58.14 
Alumina (%) 38.07 35.14 
Ferric oxide (%) 2.53 2.58 
Compressive strength (kg./sq. 

cm.) 394.00 374.00 
Porosity (%) 23.40 22.10 
P.C.E. (Seger cone) 32.00 33.00 

S.K. 

Permanent expansion of silica brick: I, Experiments 
carried out according to standard methods. A. E. Dopp. 
Trans. Ceram. Soc., 36 [11] 466-72 (1937).—The standard 
permanent expansion test (heating 2 hr. at 1450°C) is not 
sufficiently drastic to ensure complete quartz conversion 

in samples of high specific gravity; samples having the 

same original specific gravity may yield very different re- 

sults in a test at 1450°C and of 2 hr. duration. It is con- 

sidered that any silica brick having a specific gravity of 

2.38 or over will show a permanent expansion greater 

than 0.5% if heated at any temperature above 1400°C for 

a sufficiently long time; should a sample of specific gravity 



1938 

greater than 2.36 give a permanent expansion less than 

0.5% when tested by the standard method, a modified 
test of 5 hr. duration at 1500°C should be carried out, 

because 2 hr. heating at 1450°C may in some cases ad- 

vance the quartz conversion to a negligible extent. The 

increase in porosity shown on refiring by 18 of the 20 sam- 

ples suggests that quite different results may be obtained 

in service when the brick are subjected to load. II, Per- 

manent expansion against a compressive force. Jbid., 
pp. 473-84. A “‘permanent expansion-under-load”’ figure 

can be obtained from the normal refractoriness-under- 

load curve, provided that this curve is corrected for the 

expansion of the thrust column and the corrected ex- 

pansion is then reduced to a percentage basis. Silica 

brick of subnormal refractoriness under load (below 

1650°C) may accommodate the expansion due to quartz 

conversion by plastic deformation, but the behavior 

during prolonged heating under a compressive force can 

not be predicted from the refractoriness-under-load and 

specific-gravity data alone. A maintained high-tempera- 

ture load test in which the movement of the test piece 

is continuously recorded is of great value, because an 

initial expansion may in some cases be followed by 

subsidence and ultimate failure by shear even at 1600°C, 

while other samples expand or contract continuously 

during the 5-hr. test. Certain brick of cristobalite content 

exhibit high permanent expansion at about 1600°C, this 

expansion being largely attributable to an increase in 

porosity which occurs in spite of the load of 50 Ib./sq. in. 

R.A.H. 

Properties of magnesite and chrome-magnesite brick. 
J. H. Cuesters anp L. Lez. Trans. Ceram. Soc., 36 

294-310 (1937).—Brick for use in an open-hearth roof 

should possess, in addition to slag resistance, high refrac- 

toriness under load, high spalling resistance, and volume 

stability or slight after-expansion. A study of a 

number of magnesite and chrome-magnesite brick sug- 

gests that whereas they would all be suitable for use in 

the back wall of an open-hearth furnace, only two would 

be satisfactory for use in the roof. They are both chrome- 

magnesite brick of the 75:25 type, in which the magnesite 

is confined to the fine section. The bond appears to be for- 

sterite. The spalling resistance of these chrome-magnesite 

brick was found to be greater than that of many fireclay 

brick, while the temperature at which they failed under 

load of 50 Ib./sq. in. was higher than that obtained with 

normal silica brick. If silica brick are to be replaced with 

basic refractories in the roofs of open-hearth furnaces, 

the greater bulk density of these materials and their very 

different expansion characteristics will have to be taken 

into consideration. R.A.H. 

Refractories. R. S. Hurron. Amer. Inst. Mining 
Met. Engrs. Tech. Pub., No. 817, 16 pp. (1937); Metals 

Tech., 4, No. 4 (1937).—H. gives a review of refractory 

progress and predicts future development. An open- 

hearth furnace is only about 20% efficient. If run at 
higher temperatures it would be much more efficient, but 

a slight increase would rapidly melt the roof. It is 
readily possible to get flame temperatures of 2700° to 

2800°C, but the best commercial refractories would not 

stand more than about 1800° to 1900°C. A suitable 

super-refractory should stand temperatures well over 
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2000°C without melting and with sufficient hot strength 

to be able to withstand effects of hot slag, gases, metals, 

etc. A ceramic bond could not be used as it would have 

a lower melting point and different thermal expansion. 

It would be necessary to make a bond by sintering and 

recrystallization. There are eight densely sintered oxide 

refractories now available on a small scale for laboratory 

work. Their maximum service temperatures range from 

1750° to 2700°C (thoria). They are expensive only be- 
cause no one has developed their large-scale production. 

Better heat insulation should also be used, stratified with 

the better refractories inside and the better insulators 

outside. There are great discrepancies in measurements 
of heat conductivity at high temperature. A table is 

given of melting points of refractories. W.D.-F. 

Refractory. Sacnor. Chaleur & Ind., 16 [181] 265-66 

(1935); Met. Abs. (Inst. Metals), [2] 3 [10] 416 (1936).— 

Duralite, a French neutral refractory, can either be 

poured as a cement into molds, when it sets hard in the 

cold after a few hours, or used as a plastic cement for hot- 

patching. 

Refractory concrete in annealing furnaces. ANON 
Steel, 99, 34-37 (Aug. 3, 1936).—Blocks made of insulating 

concrete cost about the same as fire brick. The concrete 

construction reduces fuel consumption through low heat 

loss, low heat storage, and quick attainment of operating 

temperature when the furnace is started up. See Ceram. 

Abs., 16 [5] 152 (1937). H.E.S. 

Refractory products for metal melting furmaces. Kar. 

LENTZEN. Read before the International Foundry Con- 

gress, Diisseldorf; Giesserei-Praxis, 57 [37-38] 404-407 

(1936); Met. Abs. (Inst. Metals), (2) 3 [11] 475 (1936).— 

The nature and use of the refractories available for the 

construction of metal melting furnaces are discussed. 

Spalling of fireclay brick. H. D. Bennie. Trans. 
Ceram. Soc., 36 [9] 395-403 (1937).—B. defines the term 

“‘spalling’’ as applied to brick. A study was undertaken 

of semidry press, stiff plastic, and soft plastic brick pre- 

pared from a Scottish clay. The tests consisted of heating 

5 brick of each type for 7 hr. at 1050°C; after being held 
at that temperature for 1 hr., they were withdrawn and 

placed upon a cold iron plate with the 9- x 3-in. face in 

contact with the plate. After cooling, the crushing 

strength was determined. A second test required 5 heat- 

ing and cooling cycles and a third test required 10 such 

cycles before being tested for crushing strength. Estima- 

tion of the effect of the spalling conditions applied, by 

simple observation of the extent of cracking, showed the 

semidry brick to be the most resistant followed by stiff 

plastic and soft plastic brick. The semidry brick in- 

creased greatly in strength when subjected to one cycle 

of heating and cooling; this maximum diminished some- 

what after 5 cycles and further diminished after 10 cycles. 

The final strength was nearly 20% greater than the crush- 

ing strength upon specimens fresh from the kiln. 

R.A.H. 

Study of alumina-silica checker brick from glass-tank 
regenerators. C. L. THompson AND E. P. Rexrorp. 
Jour. Amer. Ceram. Soc., 21 [2| 55-59 (1938). 

Suspended arches for combustion chambers. M. H. 
Derrick Co., Lrp. Foundry Trade Jour., 55 (1044) 139 

(1936).—An important advance in suspended arches is the 
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‘‘Detred” arch which uses refractory blocks half the width 
of the former ones; its four sides are now made with 
horizontal corrugations or treads, having rows of alternate 
projections and recesses, which intermesh with those of 
the adjoining blocks and form interlocking joints. As 
before, the arch is suspended from overhead girders not 
exposed to heat. The intermeshing corrugations give an 

air-tight and gas-tight joint. Many small pieces that 
become loose through cracking or spalling are held in 
place, thus increasing the life of the arch. The blocks, 
being smaller, are easier to lay up in construction. They 
are also interchangeable with the “Detrick” blocks. 

H.ES. 
Testing refractory materials. S. M. Peps. Pre- 

sented at meeting of the American Ceramic Society, New 

York, N. Y., March, 1937; Brit. Clayworker, 46 [542] 
89-90 (1937).—P. reviews test methods approved by 
Committee C-8 on Refractories of the American Society 
for Testing Materials. R.A.H. 

Thermal conductivity of ceramic materials. BERNARD 
Lonc. Chaleur & Ind., 18, 328-31 (1937); Chem. Abs., 

31, 8138 (1937).—A review is given. 
Thermal resistance of sagger mixes. R. MAKRL. 

Keram. & Steklo, 13 [9] 25-28 (1937).—The comparative 
thermal resistance of saggers made in Russia was deter- 

mined by means of the Heindl and Mong formula (Ceram. 
Abs., 8 [8] 590 (1929)), which uses the moduli of breaking 
and elasticity, coefficient of expansion, and porosity. 

Graphic representation, based on the physical constants 

of the moduli of breaking and elasticity and coefficient of 

expansion, characterizes a sagger body with regard to its 

durability and thermal strength. M.V.C. 
Use and care of crucibles. H.N. Basserr. Foundry 

Trade Jour., 55 [1054] 339-40 (1936).—A considerable 

amount of metal, mainly nonferrous, is melted in crucibles, 

and therefore their cost may be an appreciable item in 

the cost of the finished casting. As proper care will add 

greatly to the life of the crucibles, the following precautions 

should be observed: storage should always be in a warm, 

dry place; thorough drying is essential before use; as 

first heat is critical, the crucible should be brought up 
slowly to a dull red heat; preheating of the furnace for 

ten minutes, especially before the first heat of the day, is 

desirable; addition of a flux to the metal should be made 

to the hot not the cold metal; tongs and furnace tools 

should fit the crucible well so as not to strain the walls; 

even distribution of heat in the furnace around the crucibles 

is desirable; if used as a fuel, coke should support the 

crucible, and its (coke) ash should have a high fusion 
point in order to reduce slagging action. H.ES. 

Utilization of waste from the production of alumina. 
P. P. Bupnrkov AND V. K. Guzev. Tsement, 4 [4] 22- 

27 (1936).—-Waste from the production of alumina from 
bauxite can be used (1) to produce a binding material 

with hydraulic properties by firing it at 700° with a sub- 
sequent grinding to a standard fineness (a negative prop- 

erty of the waste is its quick setting and an increased 

hydration temperature); (2) as an addition (2 to 2.5%) 

increasing the mechanical strength of Portland cement; 

(3) as an addition (2%) increasing the hydration tempera- 
ture of Portland cement; (4) as an addition (10%) in- 

creasing the mechanical strength of clinkerless cement; 
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(5) as an addition accelerating the setting of Portland, 

slag Portland, and clinkerless cement; and (6) as a 
catalyst in the production of anhydrite cement; in this 

case it is preliminarily dried at 120° or fired at 800°. 

P.B. & ES. 

BOOK AND REPRINTS 

Chromite. Ropert H. Ripcway. Reprint from U. S. 

Bur. Mines Minerals Yearbook, 1937. Supt. of Docu- 

ments, Govt. Printing Office, Washington, D. C. 7 pp. 
Price 5¢. R.A.H. 

Magnesite and other magnesium compounds. PauL 
M. Ty_er AND A. E. Davis. Reprint from U. S. Bur. 

Mines Minerals Yearbook, 1937. Supt. of Documents, 

Govt. Printing Office, Washington, D.C. 10pp. Price 5¢. 

R.A.H. 

Modern Refractory Practice. HarpisoON-WALKER RE- 
FRACTORIES Co., Pittsburgh, Pa., 1937. 296 pp., 52 

figs., 97 charts and tables, index. Price $2.50, without 

charge to users of refractories; for student use, price to 

faculty members of universities and colleges, $1.25 for 
single copies and $1.00 in lots of six or more. Reviewed 

in Amer. Gas Jour., p. 46 (Nov., 1937).—This book covers 

every phase of the subject of industrial furnace refrac- 

tories. It is a practical service handbook, an up-to-date 

technical review, and a complete catalogue combined in a 

single volume. 

Sixteen full-page furnace drawings show in detail the 

standard types of refractories used at every point as well as 

alternate types used to meet special conditions of opera- 

tion. The problems encountered in the use of refractories 

in each type of furnace are discussed. A chapter is 

devoted to practical suggestions regarding the selection, 

care, and use of refractories, including ordering and han- 

dling brick, bonding methods, the best ways to provide for 

thermal expansion, arch construction, design and place- 

ment of skewbacks, and factors affecting service life. 

Another chapter, “Refractories and their properties,” 

gives basic technical data on the composition, structure, 

and properties of refractories as affected by furnace tem- 

peratures, furnace gases, and slags. A glossary and a 

selected list of minerals and rocks of significance to those 

concerned with refractories are unusually complete. 

A new arrangement of formulas for calculating brick- 

work permits simple application by practical operating 

men and offers a more fundamental approach for engineers. 

Tables show combinations of brick required to turn circles, 

arid the diameters are given in 1-in. intervals within the 

range of dimensions commonly employed. The list of 

standard and special sizes of refractories available in the 

various types and classes has been considerably expanded. 

The book is recommended to gas-works engineers and 

operators and to those who design, construct, or operate 

gas-fired industrial equipment. J. Spotrs 

PATENTS 

Arch and wall construction. L. M. BBALL. 

2,105,804, Jan. 18, 1938 (June 11, 1934). 

Calcium orthosilicate refractory. H. C. Lee (Non- 
Metallic Minerals, Inc.). Can. 369,982, Nov. 16, 1937 

(March 14, 1936; in U. S., Sept. 7, 1935). G.M.H. 

U. S 
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Flue structure. W. A. TickNor (Corning Glass Works). 
U. S. 2,103,602, Dec. 28, 1937 (Oct. 6, 1936). 

Furnace wall. R. C. BENNER AND G. J. Easter (Car- 
borundum Co.). Can. 369,919, Nov. 16, 1937 (March 26, 

1935); see Ceram. Abs., 16 [6] 183 (1937). G.M.H. 

High-temperature insulating composition. O. L. Jones 
(Illinois Clay Products Co. and F. E. Schundler & Co., 

Inc.). U. S. 2,103,463, Dec. 28, 1937 (April 9, 1934); 

continuation of application Oct. 18, 1933. A high-tem- 

perature insulating material comprises, in combination, 

a substantially thick body of efficient insulating material 

comprising granules of exfoliated vermiculite bonded to- 

gether by a heat-destructible liquid binder, the binder 

migrating to the surface of the body on drying to form a 

relatively thin reinforcing shell for the body, and a ce- 

ramic bonding material mixed with the granules, of ver- 

miculite and adapted to develop a ceramic bond when the 

body is subjected to high temperatures and the other 

bonding material is destroyed. 

High-temperature refractory. J. D. MorGAN AND R 
E. Lowe (Propat Development Corp.). Can. 370,262, 

Nov. 30, 1937 (Oct. 13, 1936). A composition comprising 

zircon, electrically fused refractory compounds, and sili- 

con bonded by the reaction products of phosphoric acid 

therewith. G.M.H. 

Making refractory brick. G. E. Sem (E. J. Lavino and 
Co.). U. S. 2,102,976, Dec. 21, 1937 (Sept. 11, 1936). 

The process of making a refractory material comprises 

heating to a temperature in excess of 3100°F a mixture of 

at least one aluminum silicate mineral with another alu- 

mina-bearing material, whereby in the resulting mixture 

the ratio of Al,O; to SiO, is such that after exposure to the 

temperature there remains a conversion-stabilized product 

consisting essentially of mullite crystals substantially free 

from weaker refractory material. 

Production of refractories. H.'P. Ex.is, Jr. (Basic 

Dolomite, Inc.). U. S. 2,103,249, Dec. 28, 1937 (Oct. 

30, 1933). A method of producing refractories comprises 

crushing a refractory base material to desired size, apply- 

ing to the particle surfaces a water-resistant medium, and 

while the latter is tacky applying a comminuted flux 

ingredient without substantial agglomeration of the par- 

ticles together. 

Production of siliceous refractory articles. A. PF. 

Burcess (National Aluminate Corp.). Brit. 476,623, 

Dec. 22, 1937 (April 22, 1937). 

Refractories. V. M. Goipscumipr. U. S. 2,105,943, 

Jan. 18, 1938 (July 1, 1935). The method of making re- 

fractories comprises preparing a batch containing a mix- 

ture of coarse and fine granules of olivine-bearing rock of 

which at least 50% are relatively coarse granules, the rock 

containing more than about 70% of olivine mineral, less 

than about 10% each of monoclinic pyroxene, feldspar 

and iron calculated as FeO, and less than about 15% of 

magnesium hydrosilicates, and shaping and drying the mix- 

ture to form a refractory article. 

Refractory articles. H.E. Wuutre (Lava Crucible Co.). 

U. S. 2,104,841, Jan. 11, 1938 (July 11, 1936). A batch 

for forming refractory articles comprises talc, flake graph- 

ite, silicon carbide, and binder. 

Terra Cotta 

Ability of some underslips and glazes to cover surface 

imperfections. J. F. McManon. Bull. Amer. Ceram 

Soc., 17 [1] 5-12 (1938). 

Ceramics in architecture. F. S. LaurRENcE. Ceram. 

Age, 27 [3] 50, 52 (1936).—The trends in the use of struc- 

tural ceramic products are briefly discussed. F.G.H. 

Flow of glazes on horizontal and inclined surfaces. 
C. Major Lampman. Bull. Amer. Ceram. Soc., 17 [1] 

12—16 (1938). 

Terra cotta monument, “Christ of the Rockies.”” ANON 
Ceram. Age, 28 [4] 118-19 (1936).—The terra cotta 

statue of Christ, 30 ft. in height, at Santa Maria del 

Monte, Colo., is described.in detail. Illustrated. 

F.G.H. 

Tile versus nonceramic substitutes. JoHn R. Kaurr- 
MAN. Ceram. Age, 27 [3] 54, 59 (1936).—Glazed and 

unglazed floor and wall tile are briefly compared with vari- 

ous types of nonceramic substitutes from the standpoint 

of (1) appearance, (2) physical properties, and (3) methods 

of application. F.G.H. 

Tiled roof building area. J. V. Tyrrett. Clay Prod. 

Jour. Australia, § [1] 4 (1937).—The municipal council of 

Rockdale, a suburb of Sydney, has created a precedent by 

declaring a new building area one for tiled roofs only. 

Most of the homes are of fibro-cement, but the tiled roofs 

add to the appearance of the area and keep it uniform. 

H.H.S. 

PATENT 

Building block. G. A. SmirH anv M. S. Van Dusen. 

U. S. 2,102,756, Dec. 21, 1937 (July 3, 1936). A wall 

structure comprises an outer and inner shell and an insulat- 

ing partition therebetween adapted to divide the air 

space enclosed by the shell, the partition having apertures 

formed therein and adapted to permit the passage of a 

portion of the air in one subdivision into another, thereby 

causing the warm moisture-laden air to pass from the 

warmer to the cooler chamber and inhibiting condensation 

on the insulating partition. 

Whiteware 

Action of earthenware glazes on bodies in the glost kiln. 
K. PrerrerKorn. Ber. Deut. Keram. Ges., 18 [6] 257- 

69 (1937).—After referring to the formation of the inter- 
mediate zone, or interface, between the body and glaze, as 

described by J. W. Mellor, P. describes an optical investi- 

gation which was conducted to determine whether, during 

solution of the body by the molten glaze to form the inter- 

face, certain body constituents are dissolved by the glaze 

and become diffused throughout the glaze, thus altering its 

properties. The testing method consisted of throwing a 

f 
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beam of light onto the glaze and noting the degree of re- 

flection. A sheet of photographic paper with a hole in it 

just large enough to take the objective of a projection ap- 

paratus was applied, sensitive side downward, to the sur- 
face of a smooth glazed tile. When the light was switched 

on, the paper was exposed by the reflection from the glaze. 

The photographs obtained represent negative reproduc- 

tions. These “reflex photos’ give an indication as to 

whether the glaze is a more or less transparent or light- 

absorbing film of glass. They also show the presence of 

gas bubbles, the tendency to crazing and peeling, lack of 

uniformity in thickness, etc. Two entirely different 

earthenware biscuit bodies, A and B, were coated with the 

same glaze and glost fired together. Body A was biscuit 
fired at cone 9, and body B at cone 7. Body A contained 

40% clay substance, and body B about 55%; thus B was 

much higher in alumina. Marked differences are shown 

in the reflex photos of these two bodies. The glaze on body 

B had obviously dissolved considerable alumina as well as 

silica from the body, and these substances had diffused 

uniformly through the glaze, causing almost complete 

absorption of light. Glaze A, on the other hand, was 

highly luminous. This and other experiments show that 

the interaction of glaze and body in the glost kiln may 

result not only in the formation of an interface but also in 

the complete absorption by the glaze of a larger or smaller 

portion of the dissolved substances, depending upon the 

type of body and the nature of the glaze. Illustrated. 

E.J.V. 
Apatite china. Arsujt TeRazakit. Jour. Japan. 

Ceram. Assn., 45 [529] 28-31 (1937).—T. discusses the 

manufacture of bone china and apatite porcelain. For 

bone china, bodies consisting of 30 to 70% of Gairome 
clay, Amakusa liparite, and Tawara feldspar and 70 to 

30% of bone ash (bone ignited at cone 5a) were fired at 
cone 8 to 10 in an oxygen atmosphere. Chemical com- 

positions of suitable bodies are given with 4 components of 

Cas(PO,)2, KNaO-Al,O;-6SiO., and SiOx. 
A commercial batch is bone ash 45, Gairome clay 26, 

Amakusa liparite 20, and feldspar 11%. For apatite 

china, an equally white china has been obtained with a 

batch composed of Raza- and Christmas-islands apatite 

60 to 50, Gairome clay 30 to 20, Amakusa liparite 2 to 5, 

and feldspar 15 to 5%. It was fired to cone 8 in an 
oxygen atmosphere. A transparent colorless glaze was 

applied on the biscuit and then glost-fired to cone la. 

See “‘Manufacture of bone porcelain—,” Ceram. Abs., 16 

[2] 67 (1937). S.K. 
Ceramic industrial material. K. Samson. Rundschau 

Tech. Arbeit, 17 [32] 2 (1937); abstracted in Chem. Zentr., 

1937, ii, 2580-81.—The properties of vitreous china are 

discussed and compared with those of hard whiteware and 

porcelain. Vitreous china is used chiefly in the manu- 

facture of sanitary ware but can be used successfully in the 

manufacture of wall tile, cooking ware, etc. M.V.C. 

Crazing of glazed wall tile in service. J. W. MELLOR. 
Trans. Ceram. Soc., 36 [11] 443-65 (1937).—M. demon- 
strates that the crazing of 6-in. wall tile laid 50 years ago 

in a large building in London has been produced by differ- 

ent types of crazing, more or less superposed one on the 

other. These types are (1) ordinary crazing, which arises 

from differences in the rates of the thermal expansions of 
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the cooling glaze and body and may be favored by condi- 

tions which modify the porosity of the body or glaze; 

(2) delayed crazing, which is an effect of the sluggish 

contraction which occurs during the aging or seasoning 

of the cold, congealed, or solidified glaze—unannealed; 

(3) strain-line crazing, which is a special pattern assumed 

either by ordinary or delayed crazing or by both; and 

(4) slow contraction of the cement used for setting the 
tile in position—the pinch effect. The largest proportion 

of crazing in the building is the result of delayed crazing 

and the pinch effect. Types (3) and (4) can easily be 

recognized because of definite characteristics, but types 

(1) and (2) merge into one another so that it may be 

impossible to classify them without knowing the previous 

history of the tile. The first 3 types are largely dependent 

on differences in the rates of thermal expansion of glaze 
and body. The different types of glazing rarely occur 
alone. See Ceram. Abs., 16 [5] 154 (1937). R.A.H. 

Darkening of whiteware glazes in the decorating kiln. 
W.E. Parmer. Ceram. Age, 28 [2] 39-40 (1936).—Adjust- 

ment of the glaze composition of a high lime-high lead 

glaze indicated that discoloration was caused principally 

by a high CaO content of the RO group within the limits 

investigated. There was no difference in effect obtained 

by introducing lead content as frit and white lead or frit 

and lead disilicate. Illustrated. F.G.H. 

Earthenware and stoneware industry of Westerwald, 
Germany. W. S. Jesten. Ceram. Age, 29 [5] 148-49 

(1937).—The processes and products of the Westerwald 

area are briefly described. F.G.H. 

Electrical resistance of magnesia—alumina-silica—alkalis 
system. Suizuta Morriyasu. Jour. Japan. Ceram. 

Assn., 45 [530] 77-82 (1937).—The effect of alkalis and 

the magnesia: alumina: silica ratio on the resistivity of the 

system magnesia—alumina-silica was determined. Two 

to eight parts of feldspar containing 3.79% potash and 

4.01% soda were added to each 100 parts of two base 
bodies, whose compositions were as follows: A22: 20 

Gairome clay, 50 talc, and 30 magnesite; A28: 20 

Gairome clay, 80 talc, and 0 magnesite. Alkali contents 

of the base bodies and feldspathic bodies ranged from 
0.26 to 0.84 part for each 100 parts of the 3 main constitu- 

ents. These bodies were fired to vitrification at cones 10 

to 16. Their specific resistance was determined with 1000 

v. direct current at temperatures varying from about 330° 

to 550°C. Results were as follows: (1) The resistivity 
of the system was very much lowered by the increase of 

alkalis. The ratios of the specific resistances at 400° of 

bodies containing 0.45 part of alkalis to those of bodies 

containing 0.55 to 0.85 part are shown in the following 

table. 

EFFECT OF ALKALIS ON THE RESISTIVITY 

Ratio of resistivity 

Alkali content a: Alkali content a: Body A22 Body A28 

0.45 0.55 2.3 2.2 
0.45 0.65 4.8 4.0 
0.45 0.75 8.7 6.3 
0.45 0.85 14.0 10.0 

The effect of the variation of the ratio magnesia: alumina: 

silica is comparatively small, the alkali content being 

constant or 0.85 part for all bodies. 
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Ratio of specific 

Bodies Magaesia Alumina Silica caoote) at 400°C 

Series A22 45 10 45 1.68 44 
Series A28 23 10 67 1.32 19 
Korean kaolin 0.4 46 53.6 1.04 1.0 

See Ceram. Abs., 16 [11] 354-55 (1937); 17 [2] 76 (1938). 

S.K. 

Electrical resistance of talc-kaolin system. SHizuTa 
Morryasu. Jour. Japan. Ceram. Assn., 45 [529] 1-8 
(1937).—Five bodies were made of a Gairome clay, a 

Katogun kaolin, a Manchurian tale, and a Manchurian 

magnesite. In the silica-magnesia~alumina diagram 

they lay on the talc-kaolin line or near it. Small circular 

plates made of them were fired to suitable temperatures 

and then examined for insulation resistance. Conclusions 

are as follows: (1) The relation between the resistivity 

at 400°C and the composition of the bodies can be repre- 

sented by the equation, loge = —0.0296k + 4, where 

p = the resistivity in megohms and k = percentage of the 

kaolin in the fired bodies. (2) The calcined kaolin and 

the Gairome clay contained 0.85 and 1.32% of alkalis, 
respectively. If alkalis be absent, the resistivity of the 

system 3MgO-4Si0,-Al,O,;-2SiO, sat 400°C should be 

approximately represented by the equation, logo = 

—0.01k +4. (3) Within the range of 900 ta 3000 v./cm., 

the influence of the thickness of the specimens on the 

obtained values of the resistivity is negligible. See pre- 

ceding abstract. S.K. 

German kaolins for the manufacture of porcelain: II. 
R. RreEKE AND L. Mauve. Ber. Deut. Keram. Ges., 18 

[7] 283-98 (1937).—Eleven washed kaolins were used in an 
extension of previous work, the same methods of testing 

being applied. It is evident that among the German 

kaolins are a number of materials suitable for use in the 

manufacture of porcelain. For Part I see Ceram. Abs., 16 

{7] 211 (1937). E.J.V. 

Germany’s pottery industry during 1934. RoLLAND 

Wetcu. Ceram. Age, 26 [6] 242-43 (1935).—Technical 

and economic trends are briefly outlined. F.G.H. 

Manufacture of chinaware at the Buffalo Pottery. 
ANON. Ceram. Age, 28 [3] 81 (1936).—Various manufac- 

turing operations are described and illustrated. F.G.H. 

Manufacture of pottery. A.D. Argile, No. 171, p. 13; 

No. 172, p. 15; No. 173, pp. 7-9 (1937).—The working of 

clay and mixes and their firing are discussed. See Ceram. 

Abs., 16 [5] 154 (1937). M.V.C. 

Plating porcelain insulators by the Schoop method. 
K. M. Domnicn. Vestnik Elektropromishlennosti, 1936, 

No. 9, pp. 18-20; Met. Abs. (Inst. Metals), [2] 3 [13] 746 
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(1936).—Preparation of the surface of porcelain insulators 

may be done either by sandblasting or, in cases of zinc- 

spraying by Schoop’s method, by coating the porcelain 

with joiner’s glue. Sandblasting adversely affects the 

mechanical strength of the insulator. For Schoop- 

spraying porcelain insulators, aluminium and copper may 

be used. 

Testing the susceptibility of porcelain glazes to ‘‘smok- 
ing.” J. Czecu anp E. Kierrer. Ber. Deut. Keram. 
Ges., 18 [2] 87-90 (1937).—By “smoking” is meant the 
yellow, greenish-yellow, or brown discoloration in the glaze 

due to sulfur and not the gray to black stains due to car- 

bon. The defect is produced only in a reducing atmos- 

phere. The method of testing a glaze consists in placing 

a sample of dry, powdered glaze in a shallow container 

in the center of a bung of five inverted saggers. The 

sagger covering the test sample is coated inside with a 

slip made of a mixture of kaolin, fine grog, and pyrites. 

The sagger below the sample has a perforated bottom and 

contains a quantity of coke and Ceylon graphite. The 

method has been in use about three years and has given con- 

sistent results, the discolorations produced ranging from 

deep brown to pure white, depending on the type of glaze. 

E.J.V. 

PATENTS 

Ceramic composition. Louis Bonner. Fr. 810,721, 
March 27, 1937; Chem. Abs., 31, 8860 (1937).—Al,O, in 

the crystalline form, either natural or obtained by fusion, 

is used in making ceramic articles which are very dense 

and hard and have a high dielectric power at low and high 

temperatures. Borates, phosphates, or silicates of Ca, 

Ba, Sr, Mg, or Zn are used as fluxes. The addition of 

a solution of AICI, allows agglomeration at a high tem- 

perature. 

Ceramic mass. Vasse_. Ger. 648,712, Aug. 

10, 1937; Cl. 80b. 12.01; Chem. Abs., 31, 8860 (1937).— 

Fine masses for making pottery are made by adding 4 to 

30% of silicates of alkali or alkaline-earth metals to non- 

plastic kaolin or clay, intimately mixing, and making to a 

paste with water. Some of the silicate is soluble in water 

so as to act as a flux. 

Insulator. R. H. Waker (Ohio Brass Co.). U. S. 

2,103,399, Dec. 28, 1937 (April 24, 1935). 

Locking cover for pots. I. D. Ricnnemer. U. S. 
2,105,201, Jan. 11, 1938 (March 2, 1936). 

Spark plug and method of making. S. H. Srupakorr 
(Spark King Corp.). U. S. 2,103,759, Dec. 28, 1937 

(Aug. 30, 1937). 

Equipment and Apparatus 

Alloys for temperatures above 2100°F. GuNNAR 
NorpstroeM. Metal Progress, 28 [4] 68-69 (1935).—The 

use of Kanthal (Fe-Cr-Al-Co) alloys as resistors for ce- 

ramic and other furnaces that must be heated to 2200°F 

and higher is described. See Ceram. Abs., 16 [1] 32; 
[7] 212 (1937); “Experiences—,” ibid., [8] 254. F.P.P. 

Automatic glazing machine for gliss products. Con- 
TINENTAL INDUSTRIAL ENGINEERS, Inwc. Ceram. Age, 28 

[2] 64 (1936).—Details of construction and operation are 

described and illustrated. F.G.H. 

Ball mill of unique design. CaLirorNniA STEEL Prop- 
ucts Co. Mining Jour. [Phoenix], 19 [18] 36 (1936). 

P.G.H. 

Better tile. Anon. Gen. Elec. Rev., 40 [12] 604 

(1937).—A tile mold equipped with a Calrod heating unit 

has been developed and is used by the Vitrefrax Corp. for 

making a special interlocking type of flue tile. The 

electrically heated die carries a 750-w. Calrod unit, and 

the heated parts prevent the clay from sticking. Illus- 

trated. L.E.T. 
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Calculator for obtaining tristimulus values from spectro- 
photometric data. H. A. Swank anv M. G. MELLON. 
Jour. Optical Soc. Amer., 27, 414-15 (1937).—An inex- 
pensive instrument has been developed for mechanically 

integrating spectrophotometric curves to yield the tri- 

stimulus values and brightness for a color in about 10 

min. A.P. 

Chromaticity limitations of the best physically realizable 
three-fiiter photoelectric colorimeter. J. A. VAN DEN 
Axxer. Jour. Optical Soc. Amer., 27, 401-407 (1937).— 
During an investigation of photoelectric instruments of 

the nonspectrophotometric type, it became apparent that 

large errors of geometrical, spectral, and photometrical 

origin are common. The theoretical requirements for 

obtaining I.C.I. tristimulus values and relationships 

between tristimulus values and instrumental reflectances 

are given. For practical reasons, the correct photoelectric 

colorimeter must be equipped with four filters. A.P. 

Conical stone crushers. JUAN Maso BuLBENA. Ce- 

mento |Barcelona|, Dec., 1934; Ciment, 40, 129-31 (1935). 
—Conical stone crushers are recommended for production 

on a large scale and when the stone to be worked arrives 

in blocks the opposite faces of which are not further apart 

than 350 to 400 mm. The crushers are fully described, 

especially means to minimize the effect of breakage of 

the axle and to repair a broken axle. E.W.S. 

De-airing and laminations. O. Manrrep. Ber. Deut. 
Keram. Ges., 18 [7] 312-15 (1937).—M. shows that lami- 

nations and other structural defects sometimes produced 

in de-aired clay products are caused by the disintegrating 

media (sieves, etc.) incorporated in the cylinder of the 
press. Illustrated. E.J.V. 

Experimental drier for clayware. H. H. Macey anp 
S. R. Hinp. Trans. Ceram. Soc., 36 [10] 433-41 (1937). 

R.A.H. 
Factors influencing particle size and shape in grinding. 

Lincotn T. Work. Bull. Amer. Ceram. Soc., 17 [1] 
1-5 (1938). 

Filtration. Eustace A. Atuiotr. Trans. Ceram. 

Soc., 36 [8] 342-75 (1937).—A. deals with the relation of 
filtration to allied processes and plant performing analo- 

gous functions and discusses the theory and practice of 

filtration generally, as well as types of modern filters. 

Particular emphasis is laid on the principles and practice 
of filtration as applied to clay. R.A.H. 

Functions of power scrapers and slackline cableway 
excavators. H.A.Ror. Amer. Inst. Mining Met. Engrs. 
Tech. Pub., No. 799, 16 pp. (1937); Mining Tech., 1, 

No. 3 (1937).—Operating problems are discussed and 
costs are given. These machines are used in sand and 

gravel excavation, stripping overburden, mucking and 

tunneling, digging clay, rehandling material, and many 

odd jobs. W.D-F. 
Hard-facing solutions. Muses C. Smirn. Ind. & 

Welding, 10 [10] 27-30; [11] 24-28 (1937).—S. gives a 

general description of where and how to apply hard facing. 

Applications are becoming more common for machine 

and machinery parts for resistance to severe wear and cor- 

rosion. The torch is considered the best method of apply- 

ing the hard facing because of lesser penetration into base 

metal than that of the arc. The flame is directed mostly 

at the hard-facing alloy because of its high melting point 
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and the desire to bring the parent metal only up to a 

sweating heat. Neutral flame conditions must be rigidly 

observed to prevent lack of bonding and porosity of over- 

lay. Hard facing of solid large-diameter shafts presents 

some unsolved problems because of differential cooling 
of the exterior and center. Hollow tubes present no 

problems due to rapid cooling of the interior. Stress 

relief and normalizing are advocated to prevent cracking 

of overlay, and local heating with the torch may provide 

this operation. W.H.B. 

High-intensity magnetic separation of industrial min- 
erals. D. M. RaMsEy AND R. K. Brier. Can. Mining 
& Met. Bull., No. 308, pp. 730-34 (1937).—The high-in- 

tensity separator minimizes the effect of gravitational 

force on mineral particles and applies a magnetic force of 

such high intensity that minerals of very feeble magnetic 

susceptibility are readily influenced. The essential fea- 

ture of the separator is a series of highly magnetized hori- 

zontal rotors vertically mounted on a common upright 

member, one above the other. Normally, particles fed 

to the top of the rotors will be thrown by centrifugal force 

in an arc which is a function of the speed of the rotor and 

the specific gravity and size of the particles. With the 

rotor acting as a highly charged magnet, however, the 

trajectory of the particles will be retarded, dependent on 

the magnetic susceptibility of the materials, and a conse- 

quent division of particles will take place. G.M.H. 

Industrial lighting. ANon. Electrician, 119 [3106] 
699-70 (1937).—For the most critical color-matching work 
the best source is a cold cathode carbon dioxide discharge 

lamp. Although its efficiency is low, the lamp is almost 

completely independent of variations due to aging or to 

mains voltage fluctuations and avoids the use of filters 

and reflectors of special color. The color of the source 

and the color rendering of objects under this form of 

artificial daylight agrees extremely well with the result in 

the obscured north sky daylight usually employed. 

H.K.R. 

Low-head horizontal vibrating screen. ALtis-CHAL- 

MERS Mrc. Co. Mining Jour. [Phoenix], 19 [19] 39 

(1936).—The material to be screened is advanced by a 

mechanism which imparts a reciprocating forward and 

upward motion to the screen frame. P.G.H. 

Material handling equipment: I-VIII. W. G. Picron. 
Crushing-Grinding-Mining & Quarrying Jour., 2, 121-25, 
172-77, 204-208, 253-62, 304-10, 357-59, 403-406, 441- 

44 (1934-1935).—P. discusses slackline cableway exca- 

vators, cable drag scrapers, belt conveyers, skip hoists, in- 

door storage, and handling with cable drag scrapers and 

the vibro-conveyer, application of scrapers to the cement 

industry, and the principal methods of conveying, elevat- 

ing, and storing loose bulk materials as an aid in selecting 

the proper type. Diagrams and extensive tables give 

data on capacities and belt selection. Subheadings are 

as follows: belt conveyers; screw, apron, push plate, 

drag link, and chain and bucket conveyers; apron feeders; 

belt, screw, reciprocating belt, and rotating grizzly feeders; 

gravity bucket and portable conveyers; crawler loader; 

and the ram and rotary tippler types of wagon unloaders. 

Illustrated. E.W.S. 

Measuring the efficiency of pulverizers. RAYMOND 
Wiison. Amer. Inst. Mining Met. Engrs. Tech. Pub., 
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No. 810, 15 pp. (1937); Mining Tech., 1, No. 3 (1937).— 

The best measure of mill performance is the amount of 

new surface produced. This can easily be measured on 

cement clinker by the Wagner method. A test relating 

energy to new surface is given. A 1-g. sample of cement 

clinker, 20- to 28-mesh in size, is placed under a 2-x 2-in. 

cylindrical tool steel plunger and on a tool steel anvil. 

The impact is delivered by one drop of a 2'/,-in. steel ball 

bearing, released 24 in. above the plunger by an electro- 

magnet. About four portions of the crushed material are 

combined, and the specific surface is measured by the 

Wagner method. The bounce of the ball is eliminated by 
letting the anvil rest on several pieces of '/;-in. solder wire 

0.4 in. long. By substituting these for the sample, the 

relative deformation shows the energy distribution. The 

grindability of the clinker was tested in a laboratery batch 

tube mill. It showed 45% efficiency quite consistently 
in the early stages and then fell off. Commercial mills 

varied from 25 to 40% efficiency. W.D-F. 
Metallurgical applications of the C-SiC thermocouple. 

G. R. Firrerer. Amer. Inst. Mining Met. Engrs. Tech. 
Pub., No. 717; Metals Tech., 3 [4] 14 pp. (1936); Met. 

Abs. (Inst. Metals), [2] 3 [8] 316 (1936); see Ceram. Abs., 

16 [1] 32 (1937). 

Modification of the Bingham plastometer. J. T. 

IRWIN AND R. E. Bevis. Jour. Amer. Ceram. Soc., 21 [2] 
66-68 (1938). 

Physics in optical instrument manufacture. W. B. 

Rayton. Rev. Sci. Instruments, 7, 328-32 (1936).—This 

industry is vitally dependent upon manufacturing processes 

and methods whose full understanding involves a complete 

knowledge of physics. One of the first problems is that of 

making glass whose optical properties, such as index of 

refraction, dispersion, and transmission characteristics, 

plus physical homogeneity, are of a high order and re- 

producible. Proper grinding and polishing are important, 

and the fundamental factors involved are not well known. 

Proper assembly is characterized by a high order of pre- 

cision and workmanship. The would-be factory physicist 

should not only have a fundamental knowledge of physics 

but should know the methods of research and have a 

knowledge of general machine shop practice and me- 

chanical drawing as well as a detailed knowledge of the 

processes involved. H.E.S. 

Pipe testing machine. Anon. Clay Prod. Jour. 
Australia, 5 [1] 5 (1937).—The Brittain pipe testing ma- 

chine is designed and constructed in Brisbane, Queens- 

land, for any length or diameter of pipe. By the work of 
one man and two boys, 2500 pipes 2 ft. 6 in. long and 4 or 

6 in. in diameter can be tested in an 8-hr. day. First cost 

is the last, no maintenance being involved. The machine 

is foolproof; once set, a child can drive it for days without 

difficulty. Two separate departments can test simul- 

taneously without seeing what the other is doing. 

H.H.S. 

Pyrometry and the steel-maker’s refractories. R. B. 
Sosman. Jour. Amer. Ceram. Soc., 21 (2] 37-49 (1938). 

Pyro-optical pyrometer. PyromeTric INSTRUMENT Co. 
Mining Jour. [Phoenix], 19 [19] 39 (1936).—A self- 

contained, direct-reading, optical pyrometer is described. 

See Ceram. Abs., 16 [1] 32 (1937). P.G.H. 

Salvaging glaze materials by electrestatic process at 

Equipment and Apparatus 111 

Homer Laughlin China Co. Anon. Ceram. Age, 28 
[5] 143-44 (1936).—Automatic glazing machines are 

equipped with electrostatic dust precipitators to recover 

liquid glaze materials for which settling chambers hereto- 

fore have been employed. Each self-contained electro- 

static precipitator first ionizes incoming particles with 

15,000-v., d.-c. energy and subsequently attracts the 

charged particles to deposit plates by a 7500-v., d.-c. 

electrostatic field in the collector assembly. Glaze par- 

ticles as small as one micron are recovered. The glaze 

collected on the plates automatically falls back into the 

booth and is fed immediately into the recirculating glaze. 

The operation cost is negligible; each unit, when running 

at full capacity, consumes only 75 watts. The floor space 

and cleaning time approximate only one-tenth those 

formerly required by the settling chambers. Illustrated. 

F.G.H. 

Selectro vibrating screen. Propuctive EQuIPMENT 

Co. Mining Jour. [Phoenix], 19 [20] 32 (1936).—Com- 
pound eccentrics which are adjustable provide the throw 

for this screen mechanism. P.G.H. 

Special wear-resisting metals for clay machinery use. 

J. O. Evernart. Jour. Amer. Ceram. Soc., 21 [2| 69-72 

(1938). 

Surface and needle pyrometer. Pyromerric INsTRU- 
MENT Co. Mining Jour. [Phoenix], 19 [23] 34 (1936).— 

The apparatus can be changed into four types of surface 

and needle pyrometers by interchanging various thermo- 

couples. The indicating needle will stay fixed at the cor- 

rect temperature when the thermocouple has been merely 

touched to the hot surface. See “Pyro—,” Ceram. Abzs., 

16 [1] 34 (1937) P.G.H. 

Testing ceramic bodies for the rmal expansion. [Frep. 

C. Henperson. Ceram. Age, 28 [1] 5-6 (1936).—An 

electric furnace setup for determining the thermal expan- 

sion of ceramic bodies up to 700°F and above is described. 

The correlation of the thermal expansion, absorption, and 

modulus of rupture of porcelain bodies is briefly discussed. 

F.G.H. 

Type TY reduction crushers. Traylor ENGINEER- 
ING AND Mrc. Co. Mining Jour. [Phoenix], 19 [17] 31 

(1936).—A simplified gyratory crusher is described. 

P.G.H. 

Universal X-ray photogoniometer. R. B. Hutt anp 

V. Hicxs. Rev. Sci. Instruments, 7, 464-67 (1936); see 

Ceram. Abs., 17 [1] 31 (1938). H.E.S. 

Vacuum presses, particularly in the heavy clay industry. 

G. Wezer. Ber. Deut. Keram. Ges., 18 [4] 155-60 

(1937).—There is scarcely a ceramic clay whose properties 

are not improved by de-airing. In many cases it has been 

possible to eliminate die lubrication. The green ware has 

greater mechanical strength and can be dried easily. No 

difficulties are encountered in firing; shrinkage is generally 

somewhat reduced, and the final product is denser and 

stronger. In nearly all cases it is necessary to work with 

a high vacuum of 94 to 95%. Due to the great variety of 

clays, bodies, manufacturing processes, etc., in the ceramic 

industry, careful attention is required in the construction 

of de-airing machines. Various types of machines are 

described. E.J.V. 
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PATENTS 

Apparatus for: 

Delivering measured quantities of granular, etc., ma- 

terials. A. G. Brown. Brit. 476,049, Dec. 15, 1937 

(May 29, 1936). 

Dry separation of materials of different densities. F. J. 
Berry (Ateliers et Chantiers de la Manche). U. S. 

2,102,880, Dec. 21, 1937 (Jan. 20, 1934). 
Manufacturing pottery ware. W. J. Miter. U. S. 
2,103,086, Dec. 21, 1937 (June 10, 1935). 

Molding ventilating or hollow brick. E. A. BENTON. 
Brit. 476,304, Dec. 15, 1937 (June 3, 1936). 
Washing and grading sand, etc. H. A. SreLey. 
U. S. 2,105,101, Jan. 11, 1938 (May 15, 1937). 

Automatic proportioning device. Davis Brown. U. S. 

2,102,584, Dec. 21, 1937 (July 1, 1936). 
Automatic system for supplying pulverized fuel to fur- 

maces. E. V. Francis (Jeffrey Mfg. Co.). U. S. 

2,102,618, Dec. 21, 1937 (Jan. 23, 1933). 
Ball mill. H. J. Jaecxker. Can. 370,442, Dec. 7, 1937 

(Nov. 9, 1936). G.M.H. 

Electric fusion furnace. Soc. GENBRALE D’APPLICA- 

TIONS BLECTROTHERMIQUES. Fr. 810,750, March 27, 

1937; Chem. Abs., 31, 8399 (1937). 
Impact crusher for comminuting hard materials. BEN- 

JAMIN GRAEMIGER AND WERNER Lupin (Hephaest A.-G. 
fiir motorische Krafterzeugung). U. S. 2,103,454, Dec. 

28, 1937 (Sept. 13, 1934). A comminuting device com- 

prises a casing adapted to receive a bed of raw material to 
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be comminuted, a feed inlet for the raw material, a nozzle 

for forcing a stream of gas at high velocity into the casing 

and in contact with the raw material to entrain the par- 

ticles of the material, means in the casing for separating 

the finer from the coarser and heavier entrained particles, 

an outlet for conducting the finer material entrained in the 

gas from the casing, and a passage extending from a section 

slightly above the bed of raw material to a section ad- 

jacent to the outlet of the nozzle for conducting at least a 

portion of the separated coarser particles separate from 

the raw material and to a point adjacent to the outlet of 

the nozzle. 

Magnetic separator. S. G. Frantz. Can. 370,433, 
Dec. 7, 1937 (May 19, 1936). Can. 370,434, Dec. 7, 1937 

(July 9, 1936). G.M.H. 

Method and apparatus for proportioning and blending 
glass batch materials, etc. W.S. RENDALL (Crown Cork 

& Seal Co., Inc.). U. S. 2,105,266, Jan. 11, 1938 (Oct. 
31, 1936). 

Potters’ jolleys. W. Boutton, Lrp., C. Farr, anp 
F. A. Brrcwaty. Brit. 475,975, Dec. 15, 1937 (June 26, 

1936). 
Press for molding shaped articles. A.M. Coox (Nor- 

ton Co.). U. S. 2,103,215, Dec. 21, 1937 (Sept. 30, 

1936). 
Refractory for induction furnaces. H. C. FiIsHER 

(Norton Co.). Can. 370,406, Dec. 7, 1937 (April 22, 
1936). G.M.H. 
Tile-making apparatus. C. H. Beit (National Fire 

Proofing Co. of Canada). Can. 370,403, Dec. 7, 1937 

(Feb. 26, 1937). G.M.H. 

Kilns, Furnaces, Fuels, and Combustion 

Apparent specific heat and its application to the calcu- 
lation of flame temperatures. Risaup. Chaleur & Ind., 
18, 235—46, 295-306 (1937); Chem. Abs., 31, 8343 (1937).— 

The apparent specific heat of a gas like CO, which under- 

goes dissociation, is given by the heat, Q, actually required 

to raise the gas together with its products of dissociation, 

in equilibrium with it, to a given temperature. After 

preparation of a series of plots of Q as a function of tem- 

perature for different initial mixtures, the required value 

for a given mixture is readily obtained by interpolation; 

thus laborious direct calculation for each single mixture is 

avoided. Of such plots, 7 are given for CO, in the presence 

of varying amounts of N together with CO or O and 4 

for H,O with N and O or H; these data are also given in 

tabular form. For mixtures containing both CO, and 

H,0O, Q is obtained, with insignificant error, by adding the 

Q’s for each component separately, assuming the others 

to be inert. Then the sum of the Q’s for the various com- 

bustion products of a given mixture is determined for 

several temperatures, and from the resulting Q — ¢ dia- 

gram, the known heat of combustion of the mixture gives 

directly the flame temperature reached. Thus the cal- 

culated flame temperatures for combustion in air of H, 

CO, CHy, CsHs, and C,H, are, respectively, 2040°, 

2090°, 1870°, 1915°, 1915°, and 2210°. Similar calcula- 

tions can be made for combustion at constant volume. 

Application of electric heating in the ceramic industry. 
H. Masvuxow1t1z. Elektrowdrme, 6 [1] 30-37; [4] 123-28 

(1936).—M. discusses the general questions of tempera- 

tures employed for various processes, atmospheres, firing 

methods, firing time and firing sensitivity, economy of 

different types of furnaces, and constructive details. In 

the manufacture and firing of tile and grinding wheels and 

in glazing, electric heat is used with advantage. Curves 

of operating conditions are appended. See Ceram. Abs., 

16 [9] 284 (1937). M.H. 

Bricesco tunnel kilns. T. W. SHoox. Trans. Ceram. 

Soc., 36 [10] 414-32 (1937); see Ceram. Abs., 15 [10] 310 

(1936). R.A.H. 

Electric furnaces for firing decorations on porcelain and 
glass. ANpR& Jooris. Verre & Silicates Ind., 8 (29) 
342-43 (1937).—J. describes the Riposta electric furnaces. 

Three furnaces of this type have been used successfully 

in Belgium. M.V.C. 

Experiences with tunnel kilns with short firing sched- 
ules. F. Detrmer. Ber. Deut. Keram. Ges., 18 [6] 

235-45 (1937).—Heat balances of Lengersdorff tunnel 

kilns show that only a small portion of the heat is used in 

actually firing the ware, the major portion being used up in 

heating the truck superstructure, saggers, etc. Large 

truck structures mean large kiln dimensions, which in turn 

mean heavy radiation losses. Improvements in tunnel 

kiln operation are possible by attention to the following: 

(1) appropriate truck superstructures, (2) minimum kiln 

surfaces, (3) fastest possible firing schedules, (4) positive 

instead of negative kiln pressure, and (5) smaller kiln 



1938 

cross-section to avoid temperature differences, etc. Mini- 

mum firing periods are as follows: for decorating glass 

and porcelain about 2 hr. are sufficient for firing and cool- 
ing; for earthenware glost about 4 hr.; for glost firing of 

porcelain tableware, pressed (electric) porcelain, steatite, 
etc., about 6 hr.; wall tile, glost and biscuit, 7 to 10 hr. 

For rapid firing, the separate pieces must be able to absorb 

and release heat freely from all sides. Small plates placed 

singly are fired in 4 hr., but when placed in two's they 

require a much longer firing time. This applies also to 

wall tile placed 11 mm. apart; as soon as the interval 

between the tile is reduced below 10 mm., the firing time 

is considerably increased. The truck superstructure is, 

of course, considerably modified for single piece placing 

and rapid firing. A structure consisting essentially of a 

thin layer of insulating material with a sillimanite frame 

of special construction is described and illustrated. In 

satisfying the fourth point mentioned above, both gas and 

air are introduced into the kiln under pressure. E.J.V. 

Furnaces. Epiroriat. Metal Progress, 30 64-65, 

69-70 (1936).—A review is given of articles by J. M. Wat- 

son, F. E. Harris, W. C. Owen, and W. A. Darrah on 

general furnace design, vertical furnaces, and forced con- 

vection furnaces. F.P.P. 

New gas decorating kiln developed at Lenox potteries. 

Anon. Amer. Gas Assn. Monthly, 20 [1] 11 (1938); 

see Jour. Amer. Ceram. Soc., 20 [12] 383-88 (1937). 

SS. 

Producer gas versus towns gas. H. Repxy. Feuerungs- 

technik, 25, 180-83 (1937); Jour. Soc. Glass Tech., 21 

[87] A307 (1937).—The ratio of the heating values of the 

air-gas mixture of producer gas and towns gas is not con- 

stant and not equal to the ratio of the calorific values of 

the gases but depends on the working temperature of the 

furnace and the excess air used. The production cost of 

producer gas could vary between very wide limits accord- 

ing to the working hours and load on the factory, and una- 

voidable extra costs should not be overlooked in deter- 

mining the total cost, as they could amount to a consider- 

able item. The producer gas is most economical when 

large units are employed. 

Sulfur removal from combustion gases. Davip Brown. 

Lig. Engr. of India, 5 (3) 70-73 (1937).—B. presents with 

diagrams details of the new I.C.I. and Boliden processes 

for the removal of SO, from smelter gases and recovery of 

the S as liquefied SO, or free S. The I.C.I. process is a 

development of the Boliden process, and the originating 

companies, the Imperial Chemical Industries, Ltd., Eng- 

land, and the Bolidens Gruvaktiebolag, Sweden, have 

formed a joint company, Sulphur Patents, Ltd., which 

supplies either process according to conditions. A.P.S. 

Using natural gas for brick production. J. B. NEALEY. 
Ceram. Age, 29 (6) 174-75 (1937).—N. describes the firing 

of shale paving brick in periodic kilns using natural gas. 

The advantages of natural gas are discussed. Illustrated. 

F.G.H. 

Velocity of flames from gas burners. Nationa. Bvu- 
REAU OF STANDARDS. Ind. Heating, 4 [12] 1054-56 

(1937).—The effect of the velocity of a flame on the utili- 

zation of the fuel and performance of the burner was in- 

vestigated. The relation between size and shape of the 

flame surface, diameter of burner port, and composition 
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of the air-gas mixture showed that best results are obtained 

when using mixtures in nearly theoretical proportions in 

laminar flow from burner ports over 4 mm. in diameter. 

Methods of calculating gas flow were derived, and the 

speed at different parts of the flame was determined. 

M.H. 

Wood as fuel for industry. V. CHarrin. Céram., 
Verrerie, Email., 5 [2] 51-54 (1937); Argile, No. 168, 
pp. 1-3 (1937).—Greater utilization of the forests of 

France as an economical source of fuel, producer gas, and 

charcoal and the use of wood in gas generators are dis- 

cussed. M.V.C. 

BOOKS 

Drying and duration of firing. V.Bopin anp P. 
LARD. Published by the Institut de Ceramique Francaise, 

Paris, 1931; reviewed in Verre & Silicates Ind., 8 (31) 

370-71 (1937).—The time of drying in the ceramic indus- 

try varies widely, and it can not be calculated by the 

characteristics known. Direct study is therefore neces- 

sary. Duration of firing is also discussed. The firing of 

noncalcareous products can be shortened. See Ceram. 

Abs., 11 [3] 198 (1932); 12 [1] 30 (1933). M.V.C. 

Oil Burners. KatmMaNn STEINER. McGraw-Hill Book 
Co., New York, 1936. Price $4.50. Reviewed in Ceram 

Age, 30 [3] 80 (1937).—S. reviews the subject of oil burners 

in connection with the problems of burner design and oil 

burners for commercial and industrial service and their 

different features of performance and efficiency. The 

following «auxiliary features of operation are covered 

adequately: fuel-oil pumps and pumping; oil-piping in- 

stallations; combustion chambers for heating plants; 

storage tanks and control apparatus; electric motors, 

controls, and other electrical phases of fuel oil in- 

stallations; and preheating of fuel oil. Numerous 

standard tables giving extensive comparative fuel data 

are included. F.G.H. 

Oil Burning. H. A. Romp. Martinus Nijhoff, The 

Hague, 1937. xxiv + 336 pp., 262 figs., 7 tables. Price 

bound in cloth 12 guilders. Four lectures entitled His- 

tory, Present Theories, Present Forms, and Future of Oil 

Burning were delivered at Delft, Holland, in April, 1934, 

before members of the Royal Institute of Engineers. 

Although the subjects discussed are substantially the 

same, a certain amount of rearrangement was considered 

desirable for publication in book form, and several prob- 

lems, especially those raised in questions asked after the 

lectures, have been entered into more fully. R. has 

quoted the names of manufacturers of the burners de- 

scribed because a knowledge of the trade names of burners 

is such a welcome help to those concerned with the prac- 

tice or study of oil burning. 

R. goes thoroughly into the combustion of fuel oil 

(hydrocarbons) and shows that there are two directly 

opposed combustion processes, viz., ‘blue’ and “yellow” 

combustion, examples of which are seen in the range 

burner and the ordinary candle flame. These processes 

seem to be applied in the two principal types of engine 

which are also diametrically opposed, viz., in the gasoline 

engine (spark ignition) and in the Diesel engine (compres- 

sion ignition). He draws attention to recent studies of 

intermittent oil flames in engines which may be very 

valuable for the study of continuous oil flames in furnaces. 
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He deals in detail with carbon deposit trouble involved 

in the use of gas oils in vaporizing burners, suggests several 

means of avoiding it, and points out the importance of 

humidity control (air conditioning) of combustion cham- 
bers. 

The book contains the description of over 200 burners, 

and numerous patents and other data are quoted. It is 

divided into the following sections: (1) Historical de- 
velopment of oil burning, (2) Basic principles of oil burn- 
ing, (3) Modern forms of construction of oil-burning 
devices, and (4) Future development of oil burning. 

Oil Fuels and Burners. James A. Mover. McGraw- 
Hill Book Co., New York, 1937. 375 pp. Price $4.00. 

Reviewed in Ceram. Age, 30 [3] 81, 84 (1937).—M. dis- 

cusses oil fuels, their atomization and combustion, types 
of oil burners, automatic control devices, heat measure- 

ments, and calculations of heating systems and heating 

requirements. Fans and blowers, drafts and chimneys, 

and air-conditioning tests are also thoroughly covered. 

F.G.H. 

Report of the Fuel Research Board for the year ended 
March 31, 1936. Report of Director of Fuel Research. 

DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH. 

H. M. Stationery Office, London, 1936. 10 + 217 pp. 

Price 4s. Attention was drawn in the last report to the 

ever-increasing tendency to regard coal as raised from the 

mine as a raw material requiring processing before it is 

offered for sale. Developments in the past year have con- 

firmed this and emphasized the complexity of the prob- 

lems involved. 

The suitability of the different types of coal for various 

purposes is studied at the Fuel Research Station on a scale 

commensurable with commercial practice, as it is only 

by experimenting on such a scale that a proper correlation 

can be obtained between the laboratory tests and indus- 

trial practice. Particulars of the work carried out during 

the past year are given in the following report, which is 

arranged in sections as follows: JI, Coal survey. This 

section deals with progress made in the examination of 

the coal seams in the various areas. JIJJ, Examination of 
coal. A number of sruall-scale laboratory investigations 

dealing with the constitution of coal and various methods 

employed in its analysis are discussed. Attention is 

drawn to the scheme for the circulation of samples to 

different laboratories as a check on the consistency of the 

results obtained. JV, Preparation of coal for the market. 
An account is given of the work in grading and cleaning 

coal that has been carried out at the Fuel Research Station 

and in the survey laboratories. The breakage that occurs 

during handling at the colliery, washing, and rail trans- 

port is determined by a few detailed tests. Further work 

has been done on the flocculation of slurries and on the 

development of a dry-cleaning plant. V, Carbonization. 

The horizontal gas retorts have been used to continue the 

investigation of the effect of introducing steam into the 

retorts during the last portion of the carbonization period. 

The retorts have a nominal capacity of 10 tons/day and, 
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with the Durham coal used, give a yield of 75 therms of 

gas/ton of coal when carbonizing at this rate, using 12 
ewt. charges and a carbonizing period of 12 hr. With a 

supply of steam an increase of from 3 to 12 therms was 

obtained according to the rate and period of steaming. 

The continuous vertical brick retorts designed for 

carbonizing at ‘‘low’”’ temperatures have continued to give 

satisfaction. They have now been working for over four 

years with but little deterioration. A small commercial 

setting to this design is now being operated by the South 

Yorkshire Chemical Co. 

The intermittent vertical ovens are in use for investigat- 

ing the effects of blending coals.. VJ, Treatment of tar. 
The semicommercial-scale plant, with a capacity of about 

300 gal./day, for the hydrogenation cracking of “‘low- 

temperature” tar has been in successful operation during 

the year. Problems in connection with the deterioration 

of the catalyst and with the treatment of “‘high-tempera- 

ture” tar are under investigation. VJI, Lubricating oil. 
The search for a method of obtaining lubricating oil from 

coal products has been continued, and it has been decided 

to investigate, on a larger scale than hitherto, the pos- 

sibilities of synthesizing oils from hydrogen and carbon 

monoxide. VIII, Hydrogenation of coal. The direct 
hydrogenation of coal to produce motor spirit and fuel 

oils was studied. A number of coals were examined to 

determine their suitability for the purpose. JX, Steam 

raising. The distributor for dividing a stream of air-borne 

pulverized fuel into two or more similar streams has proved 

most successful and is in commercial use. Using the 

burners designed at the Station in conjunction with the 

distributor, it is possible to maintain greaily increased 

loads on a Lancashire boiler. Investigations on methods 

of sampling the dust carried in flue gases are being con- 

tinued. A marine boiler has been installed for testing 

bunker coals. X, Miscellaneous. Various activities, in- 

cluding an investigation that has been undertaken of the 

design of the domestic grate with a view of reducing the 

smoke emitted, are dealt with. This investigation is 

being partially financed by the Coal Utilization Council. 

H. E. Smmpson 

Résumé of research and technologic work relating to 
coal conducted by the Technologic Branch of the Bureau 

of Mines during 1936. A.C. Fretpner. U. S. Bur. 

Mines Information Circ., No. 6935. 14 pp. Free. 

R.A.H. 

PATENTS 
Gas-producing and smoke-consuming firebox and 

downdraft kiln. W. E. Warwoop. U. S. 2,104,781, 

Jan. 11, 1938 (June 12, 1936). 

Fuel feeder. E. V. Francis (Jeffrey Mfg. Co.). U.S. 

2,102,619, Dec. 21, 1937 (July 28, 1933). 

Kilns and plants for firing brick, etc. A. GrvEr. 

Brit. 476,928, Dec. 31, 1937 (March 13, 1936). 

Process for creating high temperatures. R. H. Rus- 

seLt (Gas Fuel Corp.). U. S. 2,104,311, Jan. 4, 1938 

(Aug. 23, 1932; renewed May 26, 1937). 

Geology 
Anthophyllite-cordierite granulites of the Lizard, Corn- 

wall. C. E. Trey. 

Near Trelease Mill are Lizard schists. 

Geol. Mag., 74, 300-309 (1937).— 

Some of these 

have quartz, cordierite, and plagioclase in a granulitic 

base with larger crystals of anthophyllite. These schists 

were derived by the metasomatism of a basic igneous rock 
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with the addition of silica. Similar granulites near Pistil 
Ogo are derived from sedimentary rocks. This is a re- 
markable example of mineral convergence in the meta- 

morphism of dissimilar rocks. W.D-F. 

Barite deposits in North Carolina. Jasper L. Stuckey 
AND Harry T. Davis. Trans. Amer: Inst. Mining Met. 

Engrs., 115, 346-55 (1935).—Barite is found (1) near Hot 
Springs in the Archean Max Patch granite and the Cam- 

brian Snowbird formation, mainly quartzite; (2) near 

Kings Mountain in the Algonkian Battleground schist 

and the Archean Bessemer granite; and (3) near Hillsboro 

in Algonkian metamorphosed volcanics. At (1) the veins 
are irregular, conform generally with the strike and dip, 

occur in or near the faults, and were formed after the main 
period of faulting. At (2) the barite occurs in veins in a 

siliceous sericite schist, which conform in genéral to its 

strike and dip. At (3) the veins are in a sheared volcanic 

tuff and tend to follow the cleavage. Minerals found are 

barite, fluorite, quartz, sericite, calcite, pyrite, galena, 

chalcopyrite, and sphalerite. About 300,000 tons have 

been produced, and a large reserve is left. The veins are 

persistent, and a good quality barite can be produced 

inexpensively. Production practically ceased in 1926. 

W.D-F. 
Bauxite locality in the Turkestan mountains. A. 

Marxkovskil. Materials Central Geol. Prospecting Inst. 
(Mineral Resources), 2, 45-448 (1935); Neues Jahrb. 

Mineral. Geol., Referate II, pp. 187-88 (1936); Chem. 

Abs., 30, 8094 (1936).—A description of the bauxite 

locality 25 km. south of Ura-tyube and 3 km. from Scha- 

christan is given with an analysis of the material. 

Bentonite for increasing density and decreasing weight 

of clay products. H. F. Lewis anp W. R. CrRAwrorp. 
Ceram. Age, 27 [4] 85 (1936).—Bentonite added to various 

clays (to the extent of 16%) decreased the weight of the 

green product 12%, increased the density of the product 

fired at cone 05 17%, and increased the compressive 
strength of the fired product 50%. F.G.H. 

Bentonite recently discovered in Japan. MINeEzo 

Isomatsu. Jour. Japan. Ceram. Assn., 45 [529] 21-28 
(1937).—Formerly only bentonite of Yamagata Prefec- 

ture was known well in Japan. Recently bentonite has 

been discovered at several districts, that of Sankawa- 

mura, Higashikambara County, in Niigata Prefecture 

being the most interesting. The amount of the deposits is 

estimated at 120 million tons. A typical analysis of raw 

bentonite is as follows: silica 74.82, titania 0.06, alumina 

13.45, ferric oxide 0.88, manganous oxide trace, lime 0.68, 

magnesia 0.41, potash 1.06, soda 2.51, and loss on ignition 

4.09. The bentonite is very good for whiteware because 

of its low iron content, although it contains minute black 

scales of biotite. The average amount of residue on 

washing, consisting of biotite, quartz, feldspars, etc., is 

25.3%. Data of experiments on dewatering of the washed 
suspension by filtration and centrifuge are given. I. 

obtained a very translucent porcelain by firing a body com- 

posed of kaolin 40, feldspar 50, quartz 10, dolomite 2, and 

the raw bentonite 2 to 4 to cone 8. Descriptions are 

given of bentonite found recently at Tomari-mura, Kou- 

gun, Shiribeshi in Hokkaido. The degree of imbibition of 
these bentonites has been compared to that of several 

American products. S.K. 
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Building materials: diatomite and pumice stone. V.C 

Argile, No. 170, pp. 1-5 (1937).—The characteristics of 

diatomite and pumice stome are discussed. See Ceram. 

Abs., 14 [8] 202 (1935); ‘Pumice stone,” ibid., 15 [9] 265 

(1936); “Diatomite—,” ibid., 16 [8] 256 (1937). 
M.V.C. 

Colloidal properties of clay suspensions. W. K. Lewis, 
LOMBARD SQUIRES, AND W. I. THompson. Trans. Amer. 

Inst. Mining Met. Engrs., 114, 38-52 (1935).—True clay 
particles are platelike and below 0.01 mm. in size. The 

viscosity of clay suspensions is best measured with a tor- 

sion viscosimeter. Plotting r.p.m. against torque gives 

a straight line which, extrapolated to zero r.p.m., shows 

a positive torque value. This is the yield point, the cri- 

terion of plasticity. Violent agitation decreases the yield 

point, more rapidly at first. Benzene and alcohol in- 

crease the yield point, and concentrated HCI decreases it, 

but the slope of the curve (mobility) is not greatly changed. 

Salts have various effects. Viscosity of the suspension is 

due to interference of the particles with liquid flow. The 

yield point is caused by strong attractive forces at the 

liquid-particle surfaces. The clay particles have alternate 

Al,O; and SiO, layers and on the outside strongly attrac- 

tive, amphoteric, though predominately acidic, hydroxyl 

groups. Washing clays in solutions with the appropriate 

metal ions will cause replacement of the hydrogen. Clays 

mainly have alkalis, alkaline earths, or iron. The attrac- 

tive forces tend to build up large groups of plates face to 

face, and this may form a gel if carried far enough. This 

attraction is easily influenced by the kind of ions on the 

plate surfaces. Differences between clays can be due to 

particle size, SiO,: Al,O; ratio, particle shape, etc. Gela- 

tin and clay are similar in some respects and different in 

others. Gelatin combines with the solvent, but clay is 

much less reactive. W.D.F. 

Feldspar production in Maine. R. H. Wartnrorp 
Ceram. Age, 27 [6] 174-75 (1936).—Historical develop- 
ments in the production of Maine feldspar are briefly 

traced. Illustrated. F.G.H. 

Genetics of gneisses and sillimanitic granulites in the 
French Central Massive. H. LoNGcCHAMBON. Compt. 
Rend., 205 [14] 567-69 (1937).—Geological and geo- 

graphical conditions of the frequent and extensive oc- 

currence of sillimanite, cordierite, muscovite, feldspar, 

and tourmaline in this district are discussed. Mg is found 

in the form of Mg silicates. M.H. 

Glucinium (beryllium). Luc Gurmin. Argile, No. 

172, pp. 9-13 (1937).—Glucinium or beryllium (Gl or Be) 

is found usually as a silicate and less often as aluminate, 

borate, phosphate, and oxide. The principal minerals are 

as follows: (1) beryl, a Be and Al silicate of the formula 

3BeO-Al,O;-6SiO,, found chiefly in Ceylon, Madagascar, 

Calif., the Dakotas, and U.S.S.R.; (2) chrysoberyl of 

the formula Be,.Al,O, (a precious stone); (3) euclase, a 
hydrated silicate of the formula BeH -SiO;; (4) leucophane, 
a silicate of calcium, magnesium, and beryllium with 

sodium fluoride of the formula SiO,-(Ca, Be, Mg)O;NaF; 

(5) glucinite or herderite of the formula P-O,F-Be-Ca; 

(6) phenacite of the formula 2BeO-SiO,-Al0,; (7) 
melinophane, Beryllium is a_ steel- 

gray metal; its fusing point is 1280°C. It can scratch glass 
and quartz and is the best electrical conductor known, but it 
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is very brittle. BeO is used in glassmaking. The partial 

replacement of soda or silica by BeO increases the trans- 

formation temperature of the glass and diminishes its 

coefficient of expansion. Glasses containing BeF are at- 

tacked by water and chemicals, are soft, and have a high 

coefficient of expansion, but they are remarkably per- 

meable to ultra-violet rays. Be increases resistance to 

traction and to temperature fluctuations and the dielectric 

properties of ceramic mixes. It is highly refractory. Be 

crucibles are not affected at temperatures of 2000°C and 

above. M.V.C. 

Japanese acid clays. Tosnrro Oxuno. Mem. Coll. 
Eng. Kyushu Imp. Univ., 5, 171-225 (1930); abstracted 
in Chem. Zentr., 1937, i, 4755.—The properties and uses 
of acid clays are discussed in detail. M.V.C. 

Mineral soil treasures of Russia. A. BLOKHINE 
Congr. Internat. Mines, Mét. Geol. Appl., 7th Session, 

Paris, 1935, pp. 1003-12; abstracted in Chem. Zentr., 

1937, ii, 2973.—B. gives a short review of the Russian 
minerals and their exploitation, including oil, iron minerals, 

manganese, nonferrous minerals, nickel, nonmetallic min- 

erals, and bauxite. M.V.C. 

Origin of kyanite. Jasper L. Srucxey. Econ. Geol., 
30 [4] 444-50 (1935).—S. replys to a criticism in J. A. 

Dunn’s article, ‘“Andalusite in Calif. and kyanite in N. C.” 

(ibid., Nov., 1933). D.’s criticism referred to Stuckey’s 
paper “‘Kyanite deposits of N. C.” (Ceram. Abs., 12 [9] 

338 (1933)). In reply, S. points out that the N. C. de- 
posits are far greater in area than the Indian deposits and 

that published descriptions and conclusions regarding the 

kyanite deposits of Va. and Ga. are similar to those given 

by S. for N. C. (ébid., 14 [9] 231 (1935)). S. quotes 

Lindgren (ibid., 13 [10] 273 (1934)) as authority for his use 

of the term “‘replacement.’’ He reaffirms his conclusion 

that kyanite in N. C. was formed by metasomatic replace- 

ment by hot solutions from quartz veins, pegmatite dikes, 

and parent magmas and cites a bibliography of 18 sources 

in supporting his contentions. J.L.G. 

Origin and nature of ore deposits: a historical study. 
FRANK Dawson Apams. Bull. Geol. Soc. Amer., 45 {3} 

375-424 (1934); abstracted in Nature, 134 [3400] 988 
(1934). J.L.G. 

Pegmatites southwest of Custer, South Dakota. HELEN 
Stopse. Econ. Geol., 32 [7] 964-73 (1937).—S. describes 

the recently opened soda-rich feldspar deposit, the Big 

Tom, five miles south of Custer. Minerals found are 

albite, clevelandite, microcline-perthite, quartz, musco- 

vite, tourmaline, beryl, amblygonite, and columbite. 

Clevelandite, the abundant feldspar of the deposit, occurs 

here as a mottled bluish gray brittle mineral exhibiting a 

radiating bladelike texture. It is associated with quartz, 

muscovite, and tourmaline. There are microscopic in- 
clusions of muscovite. A typical chemical analysis is 

SiO, 67.6, Al,O; 19.4, Fe,O; 0.07, CaO 0.5, MgO trace, 

Na,O 10.5, K,O 0.9, and loss on ignition 0.4. In addition 

there is probably 0.5 to 0.7 phosphorus as P,Os. Illus- 

trated by maps. J.L.G. 

Pseudo kieselguhr in France. VicrorR CHARRIN. 
Verre & Silicates Ind., 8 [27] 321-23 (1937).—The dif- 

ference between kieselguhr and pseudo kieselguhr is that 

the former has an organic origin, while the latter is of 

purely chemical origin and represents disintegrated sedi- 
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ments; they have the same white creamy color, are of light 

weight, and have the same porosity. The French de- 

posits of pseudo kieselguhr are briefly discussed. M.V.C. 

Rare-earth elements in clays and shales. E. MINAMI. 

Nachr. Ges. Wiss. Gottingen, Math.-phys. Klasse, Fach- 

gruppen IV, (N. F.] 1 [14] 155-70 (1935-36); abstracted 
in Science Progress, 31, 700 (1937).—Analyses for rare- 

earth elements are fully reported for European and 

Japanese deposits. H.H.S. 

Regeneration of amphiboles from their melts at normal 
pressure. Dmitry P. Gricor’Ev AND ELLEN W. ISKULL. 
Amer. Mineralogist, 22 [3] 169-77 (1937).—Only pyroxenes 

(monoclinic) crystallized from the dry melts of the in- 
vestigated amphiboles. Amphiboles crystallize from 

their melts with fluorine additions, but their chemical 

composition is somewhat altered. To produce amphiboles 
from their melts, the presence of fluorine (or OH) is 

required, the fluorine acting in the same way as the OH- 

group does and occupying the latter’s space in the crystal 

structure of the crystallizing amphibole. The hypothesis 

regarding the possibility of replacing OH by F has been 

verified in these experiments with silicate melts. See 

“Crystallization—,” Ceram. Abs., 16 [1] 44 (1937). 

F.J.Z. 

Silicate-water systems. Solubility of water in albite 
melt. Roy W. Goranson. Trans. Amer. Geophys. 
Union, 17, 257-59 (1936); Chem. Abs., 31, 2913 (1937).— 

Data are presented on the solubility of H,O in synthetic 

albites and orthoclase glasses as a function of temperature 

from 500 to 3000 bars at 1000° and at temperatures from 

900° to 1200° at 1200 bars. The solubility at 1000° is 

3.6, 5.5, 7.0, and 8.5 wt. % at 0.5, 1.0, 1.7, and 2.5 kilobars, 

respectively. Within temperature limits reported, solu- 

bility is independent wf temperature and approximately 

independent of pressure above 0.5 kilobar. See Ceram. 

Abs., 17 [1] 44 (1938). 

Sound-insulating materials used in ceramics. V. C. 

Argile, No. 172, pp. 9-13 (1937).—Diatomite and other 

materials found or manufactured in France for sound 

insulation are briefly discussed. » M.V.C. 

Stratigraphy of Ordovician bentonite beds in south- 
western Virginia. R. R. ROSENKRANS. Virginia Geol. 
Survey Bull., 46 (46-I} 85-111 (1936).—Fourteen benton- 

ite beds are listed and the more important are described. 

They are found chiefly in the Eggleston facies (formation?) 

with a few in the underlying Moccasin facies and the overly- 

ing Trenton facies. The beds range in thickness from a frac- 

tion of 1 in. to4 ft. or more. Maps show the location of ex- 

posed sections throughout the length of the Appalachian 

Valley in Va. R. believes these bentonites to have slight 

economic value because of their thinness, structure, and 

distance from transportation. A.C.B. 

Structure of clay gels. W. K. Lewis, Lomparp 

SguIrREs, AND W. I. THompson. Trans. Amer. Inst. 

Mining Met. Engrs., 118, 71-80 (1936).—The ultimate 
clay particle is platelike, and in limiting cases the length 

must be 100 times the thickness. In a dilute suspension 

the particles are kept in random orientation by the Brown- 

ian movement. As the concentration increases there will 

be more collisions, usually edge on. At a certain concen- 

tration, a particle can not rebound from a collision on ac- 

count of a third particle on the other side, and Brownian 
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movement ceases. This marks the beginning of the gel 

state. The alternative explanation is that water is ad- 

sorbed, but while this does occur, it does not explain the 

gelation of a 0.5% suspension or the high strengths de- 

veloped. Ground glass in water shows a yield point and 

“gelation” only when the concentration is high enough to 

cause particle interference. Clay in water is highly dis- 

persed by the water. If this suspended clay is transferred 

to oil, inert in its action on the clay, the clay acts like the 

ground glass in water, only it is far finer. The nature of 

the surface is very important. Acid-washed bentonite, 

with hydroxyl groups on the surface instead of alkali and 

alkaline-earth metals, is still highly dispersed, but after 

drying it can not be dispersed again. In ordinary benton- 

ite the metallic ions on the surface keep the platy clay 

particles apart on drying and facilitate the reéntrance of 

the water on redispersion. W.D.-F. 

BOOKS AND REPRINTS 

Chromite deposits of the Bushveld igneous complex 
(Transvaal). W. KuprersurGeR AND B. V. LomBaarp. 

Union S. Africa, Dept. Mines, Geoi. Surv. Div. Bull., No. 
10, pp. 1-48 (1937).—A description of the deposit and the 

nature and properties of the ore and a discussion of the 

possibility of marketing are given. A typical analysis 

shows SiO, 1, Cr,O; 46, FeO 25, Al,O; 17, and MgO 

11%. A.GS. 

Clays: kaolin (china clay and paper clay), ball clay, 
fire clay, bentonite, fuller’s earth (bleaching clays), and 

miscellaneous clay. Paut M. TyLer aNnp R. W. Mert- 
CALF. Reprint from U.S. Bur. Mines Minerals Yearbook, 

1937. Supt. of Documents, Govt. Printing Office, Wash- 

ington, D.C. 14 pp. Price 5¢. R.A.H. 

Feldspar. R. W. Mercarr. Reprint from U. S. Bur 

Mines Minerals Yearbook, 1937. Supt. of Documer:'s, 

Govt. Printing Office, Washington, D.C. 13 pp. Price 

5¢. R.A.H. 

Minor nonmetals, graphite, greensand, kyanite, lithium 

minerals, mineral wool, monazite, olivine, strontium min- 

erals, and vermiculite. Paut M. TyLer. Reprint from 

U. S. Bur. Mines Minerals Yearbook, 1937. Supt. of 

Documents, Govt. Printing Office, Washington, D. C. 

10 pp. Price 5¢. R.A.H. 

Negative adsorption and steam pressure isotherms in 
permutites and clays. P. Szicet1. Thesis, Tech. Hoch- 
schule, Zurich. Theodor Steinkopff, Dresden, 1933. 80 

pp. Kolloid-Beihefte, 38, 99-176 (1933); abstracted in 

Referat. Silikatliteratur, No. 2301 (1936). M.V.C. 

Structure of natural wollastonite. Max A. W. Bar. 

NICK. Mitt. Kaiser Wilhelm-Inst. Silikatforsch., No. 
172, 36 pp. (1936); abstracted in Chem. Zentr., 1937, i, 

3295.—The results of X-ray studies of the structure of 
wollastonite, CaO-SiO., from Cziklova in Banat are dis- 

cussed. M.V.C. 

Wonderstone. Louis T. New, H. Jacons, anp G. R. 
Bozzout. Union S. Africa, Dept. Mines, Geol. Surv. Div. 
Bull., No. 8, pp. 1-44 (1937).—The chemical, physical, geo- 

logical, and economic features of a sedimentary rock of 

clayey composition known as Wonderstone are given. 

It was formed by the alteration and devitrification of glassy 

volcanic tuff. It is fine grained, compact rock of uniform 
texture and composition, resists weathering, and has a 
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molecular formula of 3Si0,AlLO,;H,O. A typical analysis 

is SiO, 56.5, ALO; 33, Fe,O, 1, TiO, 2.5, CaO + MgO 0.5, 

and H,O 6.5%. AGS. 

PATENTS 

Concentration of nonmetallic minerals. F. X. Tar- 
TARON (Phosphate Recovery Corp.). U. S. 2,105,826, 

Jan. 18, 1938 (Oct. 18, 1935). The process of concentrat- 

ing nonmetallic minerals from ores containing them in 

association with siliceous matter comprises agitating a 

pulp of suitably divided particles of such a nonmetallic 

mineral ore in the presence of a substantially insoluble 

and unsaponifiable oil, a fatty acid of less than thirteen 

carbon atoms to coéperate with the oil in effecting collec- 

tion of the nonmetallic mineral values, and an activating 

agent causing the fatty acid to have a preferential affinity 

for the values, the activating agent consisting of a soluble 

salt of a metal whose oxide does not exert an alkaline reac- 

tion when added to water, and separating a concentrate 

relatively rich in the values and relatively poor in siliceous 

matter. 

Concentration of nonmetallic minerals. F. X. Tar- 

TARON (Phosphate Recovery Corp.). U. S. 2,105,827, 

Jan. 18, 1938 (Dec. 11, 1935). A process of concentrating 
by flotation a nonmetallic mineral included in the group 

consisting of phosphates, barite, and fluorspar comprises 

agitating a pulp of suitably divided particles of the ore 

containing the nonmetallic mineral, in the presence of a 

substantially insoluble and unsaponifiable oil and a co- 

operating agent causing an oiling of the nonmetallic 

mineral particles by that oil preferentially to the particles 

of the gangue, heating the pulp sufficiently to cause air 

flocks of the nonmetallic mineral particles to form and rise 

to the surface, and collecting the floated material, the oil 

and coéperating agent being employed in such small 

amounts that their effect of buoyancy on the nonmetallic 

mineral particles is negligible. 

Differential concentration of nonmetallic minerals. 

ArtHuR CraGo (Phosphate Recovery Corp.). U. S. 

2,105,807, Jan. 18, 1938 (Feb. 15, 1933). A process of 

differential concentration comprises agitating a pulp, 

nearly free from slimes, of suitably divided particles of an 

ore of the class consisting of phosphate-calcite-silica ores, 

fluorspar-calcite-silica ores, and fluorspar-barite-silica ores, 

in the presence of a fraction of 1% of a free fatty acid and 
a fraction of 1% of a substantially insoluble and unsaponi- 

fiable oil, without added alkali or other agent capable of 

substantially affecting its pa value, and separating in the 

case of a phosphate-calcite-silica ore a concentrate rela- 

tively rich in phosphate and relatively poor in calcite- 

silica, in the case of a fluorspar-calcite-silica ore a con- 

centrate relatively rich in fluorspar and relatively poor in 

calcite-silica, and in the case of the fluorspar-barite-silica 

ore a concentrate relatively rich in fluorspar and rela- 

tively poor in barite-silica. 

Feldspar preparation. C. H. Pepprick, Jr., and J. H. 

Wes (Feldspathic Research Corp.). Can. 369,922, Nov. 

16, 1937 (Jan. 30, 1931). G.M.H. 

Feldspar purification process. N.G. SmirH anp S. G. 

SmirH (Feldspathic Research Corp.). Can. 369,921, 

Nov. 16, 1937 (July 9, 1929); see Ceram. Abs., 16 [2] 76 

(1937). G.M.H. 
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Syenite processing. J. H. Wets (Feldspathic Research 

Corp.). Can. 369,923, Nov. 16, 1937 (May 16, 1934; in 

U. S., May 1, 1934). G.M.H. 

Chemistry 

Adsorption of lime on silica gels. A. Marrer. Gazz. 
Chim. Ital., 66 [4] 197-204 (1936).—The adsorption de- 

pends only on the variations of surface quality; heating 

reduces the superficial development of the gel but does not 

diminish its specific action. M.H. 

Adsorption of proteides. Effect of the concentration 
of hydrogen ions on the adsorption of hemoglobin by 
kaolin. MLADEN Paié AND V. Deutscn. Compt. Rend., 
202 [14] 1283-85 (1936).—Curves representing the ad- 

sorption of hemoglobin by kaolin as a function of the 

pu of the solution show a maximum which depends on the 
concentration of the applied buffer (or inhibiting) addition, 

which in this case is acetate and phosphate solutions. 

M.H. 
Base-exchanging properties of synthetic alumino-sili- 

cate materials: II. J. R. Patron anp J. B. FEeRGusSON. 
Can. Jour. Research, 15B [3] 103-12 (1937).—The base- 
exchanges Cat*+ and Ba*t* have been 

studied with Doucil and various salt solutions. The 

calcium or barium content of the gel increased as the con- 

centration of the solution decreased. With the more con- 
centrated solutions, the calcium content of the gel in- 

creased with increasing temperature; at the same tem- 

perature, the calcium content was greater when calcium 

Doucil replaced sodium Doucil as the initial gel material. 
Solutions of calcium nitrate and of calcium acetate gave 
similar results, but these were higher than those obtained 

with calcium chloride solutions. The exchange reaction 

is chiefly determined by the relative cationic content of the 

gel and of the solution, but the actual amount of exchange 

taking place in a given case is greatly dependent upon the 

available capacity, which is in turn dependent upon those 

factors that affect the penetration of the gel. The effects 

of temperature, concentration, kind of anion, and kind of 

gel are thought to be more closely related to the penetration 
phenomena than to the exchange reaction proper. Although 

the direction of the effect of concentration is indicated by the 

equation of Rothmund and Kornfeld, the results are not 
in quantitative agreement with this equation. The equa- 
tion P = a + bP is useful for the interpolation of curves 

E’ 

obtained at constant anionic normality, especially if the 

solutions are dilute. E.J.V. 

Conversion tables for thermal units. Discussion of 
the use of the thermal ohm as a unit of thermal resistance. 
Harotp E. Bull. Amer. Ceram. Soc., 17 [1] 

17-20 (1938). 
Determining small amounts of zirconium by means of 

the phosphate method. W. A. OscHMAN AND SERT- 

SCHANINOVA. Redkie Metally, 3 [6] 36-37 (1935); abstracted 
in Chem. Zentr., 1935, ii, 1221.—The precipitation of Zr 
with (NH,);PO, yields inaccurate results in the presence of 

Ti. It is much better to separate Ti before the Zr pre- 

cipitation by hydrolysis; the Ti precipitate is purified 

by melting with pyrosulfate. The H,SO, concentration of 

the solution for the precipitation of Ti should be of 1%. 
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Treatment of kyanite ore. P. S. Hoyr (Southern 
Mining and Milling Co.). U. S. 2,105,597, Jan. 18, 1938 

(Jan. 26, 1937). 

and Physics 

Good results were obtained by this method. The use of 

8-nitroso-a-naphtol reaction instead of the usual #- 

nitrose-a-naphtol paper is recommended for the qualitative 

determination of Zr in the presence of SO,. M.V.C. 

Direct determination of the sodium ion. R. Lieceors. 

Ing. Chim., 21 [125] 169-92 (1937); abstracted in Verre & 

Stlicates Ind., 8 [31] 370 (1937).—The direct determina- 

tion of sodium, especially its determination “‘by difference,”’ 

does not furnish adequate results. Because of the ab- 

sence of specific analytical characteristics of the Na* ions 

in the presence of elements of the same group, the exact 

determination of the element presents considerable dif- 

ficulty. A critical study of various methods of analysis is 

presented. M.V.C. 

Examination of the macrostructure of raw materials and 
products with the help of X-rays: I. J. E. De Graar. 

Phillips Tech. Rev., 2 [10] 314 (1937).—The essentials of 

the testing of raw materials and products by means of X- 

rays according to the absorption method are explained. 

Il. Jbid., [11] 350.—Two kinds of information may be ob- 
tained from X-ray examination: the strength as it is de- 

creased by defects and the cause of these defects. The 

first can seldom be obtained by a photographic method 

like the absorption method. The shape and dimensions 

of a flaw and thus the decrease in cross-section may, it is 

true, be indicated, but this is only of value when the weak- 

ening due to the notch effect is not greater than that corre- 

sponding to the decrease in cross-section. Only with spheri- 

cal flaws such as gas bubbles would one be able to deter- 

mine the weakening. In all other cases, the evaluation 

of the strength requires wide experience if it is to be at all 

reliable to any degree. The question of the diagnosis of 

the flaw, although it requires much experience, may usu- 

ally be answered conclusively. Examples .of the dis- 

covery of flaws in riveted joints are given. H.K.R. 

Gravimetric method for determining cerium present as 
cerous salt. P. Spacu. Z. Amal. Chem., 104 [1-2] 
28-30 (1936)—To 40 cc. of solution containing cerous 

salt 0.1 M K,Fe(CN)< solution is added, in slight excess, 
drop by drop while stirring. After half an hour, the 

crystalline precipitate of KCeFe(CN),4H,0 is filtered 

off; it is washed first with 50% alcohol, then with 96% 

alcohol, and finally with ether and is dried in a vacuum. 

The precipitate then contains 30.25% cerium. The re- 
sults in determining a 0.05-g. portion of cerous cerium are 

accurate. If the precipitate is dried at 100°, it con- 

tains only 3H,O and then corresponds to the formula pro- 

posed by Jolin in 1874. E.J.V. 

High-frequency spectrum of mercury vapor. N. B. 
Buatt. Proc. Indian Acad. Sci., 1 (Sec. A], 891-904 (1935). 

—B. gives simple circuits for the efficient production of 

high-frequency discharge and results for the spectroscopic 

investigation on the two types of high-frequency discharges. 

The results obtained support the suggestion that the 

electrostatic discharge produces a greater potential dif- 

ference than the electromagnetic discharge inasmuch as 
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the former brings forth higher excitation lines. The re- 

sults of the intensity modifications in the high-frequency 

spectrum and the mercury-arc spectrum are given in a 

comprehensive table and are in agreement with those of 

previous workers. A.P.S. 

Hydroxides of cobalt. C. DuvaL. ‘Compt. Rend., 205 
[16] 665-68 (1937).—When pouring an aqueous K solu- 
tion into a solution of a cobalt salt, the following six pre- 

cipitates are formed: (1) [CoCk]Co, (2) (OH);Co, (3) 
[(Co(OH);(H,O);)H, (4) a variety obtained by further 

hydrolysis of (3), (5) (OH).[Co(H:O).], and (6) the anhy- 
drous hydroxide, (OH),Co. The various conditions for 

their formation and color distinctions are described. 

M.H. 

Influence of fluoride upon the precipitation of phos- 
phoric acid by means of molybdic acid. H.T. BucHEerer 
AND F. W. Meer. Z. Anal. Chem., 104 [1-2] 23-28 

(1936).—In a previous paper, a method for determining 

P,O; in fertilizers, based upon titration of phosphoric acid 

with a solution containing 8-hydroxyquinoline, ammonium 

salt, and molybdic acid, was recommended. The end 

point was determined by filtering a little of the solution and 

testing it with fresh reagent to see if any further pre- 

cipitation was produced. Trouble encountered with this 

method was traced to the presence of fluoride, which de- 

lays the formation of the precipitate and causes error in 

the results obtained. E.J.V. 

Interpretation of the structure of band spectra. S. 
BuaGAVANTAM. Proc. Indian Acad. Sci., 2 (Sec. A], 92-100 

(1935).—B. describes the process of electronic excitation 

of molecules in the following way: It is assumed that under 

the action of the incident light wave, the atoms become 

electric doublets whose axes can both be (1) parallel or (2) 

perpendicular to the nuclear axis. In case 1, the doublets 

attract each other and the equilibrium nuclear distance 

diminishes on electronic excitation. In case 2, they 

repel each other and the equilibrium nuclear distance 

increases. Both these types of transitions are known to 

exist. From the observed changes in the nuclear dis- 

tances, a calculation is made of the electric moments that, 

in several cases, are to be postulated, and these are of the 

same order of magnitude as the permanent moments fre- 

quently met with in molecules. By adding the mutual 

potential energy of the doublets to the nuclear potential 

energy function, the creation of doublets may be regarded 

as equivalent to an increase in the vibrational frequency 

of the molecule if they are of an attracting type and a de- 

crease of the vibrational frequency if they are of a repel- 

ling type. This satisfactorily explains the experimental 

fact that increase in the nuclear distance on electronic 

excitation is always accompanied by a diminution in the 

vibrational frequency and vice versa. Quantitative cal- 

culations reveal good agreement between the theoretically 

deduced and the experimentally observed oscillation fre- 
quencies in the higher electronic states for molecules in 

which changes of nuclear distances are relatively small. 

An independent method of calculating the strength of the 

induced electric moments is given which assumes that the 

energy of electronic excitation is all spent in polarizing the 

atoms. Good agreement is observed between the values 

so calculated and the moments deduced from the known 

changes in the nuclear distances. Large electric moments 
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must be postulated to account for the observed changes in 

the nuclear distances and vibration frequencies of highly 

polarizable molecules, thus indicating a fundamental re- 

lationship between the phenomenon of optical polariza- 

bility and electronic excitation. A.P.S. 

Liquid state and theory of fusion: I, Continuity between 
the solid and liquid states; II, Theory of fusion and 

crystallization. J. FRENKEL. Acta Physicochim. 
U. R. S. S., 3 [5] 633-49; [6] 913-38 (1935) [in English]; 

Met. Abs. (Inst. Metals), [2] 3 [12] 497 (1936).—F. dis- 

cusses the transition between the solid and liquid, when 

the solid is amorphous, with reference to the properties 

that are continuous in the two states; the transition be- 

tween liquids and crystals, which is shown to be a quan- 

titative rather than a qualitative change; and the in- 

fluence of positive and negative pressures on fusion. The 
analogy between the solid-liquid and the liquid-vapor 

transformations is discussed, and it is shown that the 

three states can be represented on a single isothermal on 

which there are two unstable regions corresponding to the 

two changes of state. 

Magnetic and electrical properties of the binary systems 
MO-Fe,0;. J.L.Snoex. Physica, 3 [6] 463 (1936).—S. 

gives results of a magnetic investigation of the binary sys- 

tems MO-Fe,0;, supplementing previous chemical and 

X-ray work on the same specimens. Ferro, manganese, 

copper, nickel, and magnesium ferrites, ‘“‘mixed’’ ferrites, 

and iron oxides were investigated. In most cases the 

specific resistance, », the “‘magnetization per mol,”’ 6, and 

the coercive force, H., were measured. In some cases 

the demagnetizing factor, N, was determined. S. de- 

termined that (1) a heterogeneous system is nearly always 

characterized by relatively high H. values, whereas solid 

solutions show lower values; and (2) in a region where 

magnetic and nonmagnetic components coexist, the Curie 

point is constant and the saturation value decreases line- 

arly with decreasing percentage of the magnetic com- 

ponent. The existence of a nonmagnetic component was 

also determined by a third, apparently new method in- 

volving what is called the “inner demagnetizing factor.” 

C.J.P. 

Mineralogy and chemistry of bauxite from Lika. Fran. 
Tucan. Rud. Jogoslav. Akad. Wiss., 249, 46-79 (1934); 

abstracted in Bull. Internat. Acad. Yougoslave Sci. Beaus- 

arts, 28, 5-18 (1934); Neues Jahrb. Mineral. Geol., Ref- 

erate II, 175-76 (1935); Chem. Abs., 30, 4120 (1936).— 

Kaolinite and béhmite were found in the Lika bauxite, 

but géthite and halloysite could not be identified. In the 

bauxite from Mazin, pyrophyllite was present in large 

quantities. Most of the bauxite from Lika contained 

sporogelite, a colloidal modification of AlO,;-H,O. Chemi- 

cal analyses and data are given for 8 bauxites. 

Molecular clustering in binary liquid mixtures. R. S. 

KRISHNAN. Proc. Indian Acad. Sci.,1 [Sec. A], 915-27 

(1935).—K. briefly reviews earlier investigations on the 

intensity and depolarization of the transversely scattered 

light in liquid mixtures in the neighborhood of the critical 

solution temperature. It is important to make compara- 

tive studies of the state of polarization of the transversely 

scattered light with the incident light in different states 

of polarization in order to get a correct idea of the state of 

depression of the scattering elements in the medium. 
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Measurements of the depolarization, pu, p-, and pa, were 
made, using incident unpolarized light and incident light 

polarized, respectively, with vertical and _ horizontal 
vibrations for mixtures of eight different pairs of liquids 

over a range of temperature about 30° above the critical 

solution temperature. The results obtained fully con- 

firm the existence of clusters in liquid mixtures, not only 

at the critical solution temperature but also at tempera- 

tures considerably removed from it. The validity of the 

optical reciprocity principle for such mixtures has been 

experimentally verified. The observed values of pu, pr, 

and px satisfy the relation of p, = (1 + 1/ pa) / (1 +1/ pr). 
The X-ray evidence regarding the state of dispersion of the 

molecules in liquid mixtures of the phenol type and water 

is in agreement with the optical evidence presented in this 

paper. The bearing of the experimental results on the 

various theories of critical opalescence, including those 

which have been put forward subsequent to the work of 

Smoluchowski and Einstein, is also discussed. A.P.S. 

Molecular formulas of clays and glazes. J. W. MEL- 
Lor. Trans. Ceram. Soc., 36 (8| 323-25 (1937).—M. com- 

pares the composition of bodies and glazes in terms of 

weight of constituents and in terms of the relative numbers 

of reacting units (molecules). R.A.H. 

Nucleus of the atom. L. I. Scuirr. Gen. Elec. Rev., 
40 [11] 504-10 (1937).—S. deals with a simple develop- 

ment of the electron-proton and neutron pictures, the 

structure of heavy nuclei, radioactive alpha and beta de- 

cay, the origin of nuclear forces, and analyses of ideas on 

these subjects. L.E.T. 

Oxidation of nickel hydrate by persulfate of sodium in 
an alkaline medium. F. FRANcoris AND M.-L. Det- 
WAULLE. Compt. Rend., 204 [13] 1042-44 (1937).—Oxida- 

tion of Ni hydrate takes place first by a quantitative oxi- 

dation of the hydrate by persulfate to Ni,O; which is then 

further oxidized to an extent dependent on the concentra- 

tion of the persulfate in the solution and on that of the 

alkaline hydrate. As the oxidation products in this stage 

are rather unstable, the existence of NiO, could not be 

established with certainty. M.H. 

Preparation of water glass without the use of alkalis. 
S. K. Currxov. Zhur. Khim. Prom., 13, 469-74 (1936).— 
SiO, reacts with potassium or sodium chlorides in the pres- 

ence of steam at 800° to 900°. The evaporation of mix- 

tures of NaCl with small amounts of KCl gives good re- 

sults. See “‘Dissolution—,” Ceram. Abs., 16 [10] 312 

(1937). P.B. & E.S. 
Quantitative determination of silica in quartzites by 

evaporation with hydrofluoric acid. S. Patmgvist. Z. 
Anal. Chem., 107 [3-4] 100-104 (1936).—Hillebrand and 
Lundell have recommended the determination of silica 
in quartzite by the loss in weight experienced by a pre- 

viously ignited sample after it is heated with sulfuric and 

hydrofluoric acids. When this treatment takes place on a 

water bath, the quartz remains at the bottom of the cru- 

cible and does not come in contact with the greater part of 

the acid. If, instead, the crucible is heated on an iron 

plate, convection currents cause circulation of the pow- 
dered sample throughout the liquid, thus completing de- 

composition in a shorter time and requiring less hydro- 

fluoric acid. Where by the former method at least two 

evaporations, requiring about 30 cc. of hydrofluoric acid 
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had to be made, the new method requires only one evapo- 

ration, with only half as much acid and in about half the 

time. E.J.V. 

Quantitative spectroscopic determination of lead in 
blood. K. Cruse anp H. Scuusert. Z. Anal. Chem., 
105 [7-8] 241-56 (1936).—A technique is described which 

is suitable for determining 0.1 mg. of lead in 100 cc. of 

blood. Prior to spectroscopic examination, it is well to ef- 

fect a concentration of the lead by cathodic deposition. 

Results obtained in estimating known quantities of lead 
sometimes were as much as 44% in error. E.J.V. 

Rapid method for determining silica in clays. R. W.’ 
E.uison. Chemist Analyst, 25 [1] 6-8 (1936).—E. recom- 
mends the Finn-Klekotka method (Ceram. Abs., 9 [3] 168 

(1930)) for sodium carbonate fusions with a minimum 

amount of soda. A.P. 

Reactions in solid state at higher temperatures: XII, 
Course of reactions in solid state. WILHELM JANDER 
AND KARL FRIEDRICH WEITENDORF. Z. Elektrochem., 41, 

435-44 (1935); abstracted in Chem. Zentr., 1935, ii, 2014- 

15.—In the formation of spinel from ZnO + Cr,Oy;, re- 

actions in the solid state proceed through different in- 

termediate states before the formation of the finished 

crystalline reaction product. See Ceram. Abs., 16 [1] 45 

(1937). M.V.C. 

Reciprocity theorem in colloid optics. R. S. Krisx- 
NAN. Proc. Indian Acad. Sci., 1 (Sec. A], 782-88 (1935).— 

K. gives a simple method of deriving the following alge- 

braic relation between p,, p,, and p: p, = (1 + 1/p,)/ 
(1 + 1/p,). He applies the general dynamical principle 

of reciprocity formulated by Helmholtz and Rayleigh, 

where p,, p,, and p, are the measures of the depolarization 

of the Tyndall scattering. The conclusions derived from 

the reciprocity principle permit a simple and direct ex- 

perimental test which is suitable for all kinds of colloidal 

solutions, emulsions, suspensions, protein solutions, etc., 

irrespective of size, shape, or structure of the particles 

contained in them or of their nonuniformity. The prin- 

ciple of the experimental method employed to test the re- 

lation consists of splitting the incident unpolarized light, 

by means of a double-image prism, into two beams of equal 

intensity but polarized perpendicularly. The scattered 

light is also viewed through another double-image prism. 
The four images of the tracks corresponding to the com- 

ponents, V,, H,, V,, and H,, can be viewed at the same 
time and their intensities compared. In all the cases 

studied, H, is equal to V,, which is equivalent to the rela- 

tions stated above. The relative intensity of the four 

track images furnishes useful indications of the size and 

shape of the particles in the dispersing medium. A.P.S. 

Simple qualitative test for silicic and boric acids. ALors 
Reicu. Chem.-Zig., 61, 707 (1937); Chem. Abs., 31, 8437 

(1937).—R. (Chem.-Zig., 20, 985 (1896)) published a test 
for HF which can be modified to serve for the detection of 

SiO, and B,O;. Place a little of the sample in a Pt cru- 

cible and cover it with a mixture of equal parts HF and con- 

centrated H,SO,. Cover the crucible with a watch glass 

upon the under side of which a drop of water is suspended. 

Heat the contents of the crucible gently and then if SiO, 
or B,O; is present, volatile SiF, or BF; will be formed which, 

on coming in contact with the drop of water, will be hy- 

drolyzed to form H,SiO. or H;BO; which will cause the for- 
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mation of a white ring around the drop of water. If the 

deposit is H;BO, it will dissolve upon the addition of more 

water and the drop of water will also give the turmeric test 

for 

Use of K:Cr.O, in determination of iron content (total 
iron content and ferrous oxide) in iron ores and silicates. 
A. M. Zan’ko anv A. L. Davypov. Ukrain. Inst. Phys. 
Chem., 4, 89-98 (1934); abstracted in Chem. Zenir., 1935, 

i, 4351. M.V.C. 

PATENTS 

Chromium sulfomolybdate catalyst. W. A. Lazier 
AND J. V. VaucHEN (E. I. du Pont de Nemours & Co.). 
U. S. 2,105,665, Jan. 18, 1938 (Sept. 20, 1935). The proc- 

ess for the production of a hydrogenation catalyst com- 

prises mixing an aqueous solution of ammonium molyb- 

date with an aqueous solution of chromium nitrate and 

thereby precipitating chromium molybdate, passing hy- 

drogen sulfide through the resulting mixture until the pre- 

cipitate turns from apple-green to dark brown, adding 

acid to the mixture until the mother liquor becomes color- 
less, filtering, and washing and drying the precipitate. 

Hydrated titanium-iron arsenates and method of mak- 
ing. C. J. Kinzie anp EvGeNne Warner (Titanium Alloy 

Mfg. Co.). U.S. 2,105,459, Jan. 11, 1938 (Feb. 28, 1936). 

A method of making a hydrated titanium-iron arsenate 

comprises bringing together an oxidized titanium-iron 

sulfate solution and an arsenite-free sodium arsenate solu- 

tion, allowing the reaction to proceed to formation of a 

precipitate, separating the latter from the solution, wash- 

ing the precipitate to remove impurities, and finally dry- 

ing the resulting hydrated titanium-iron arsenate. 

Making barium fluosilicate. F.C. Carison (Canadian 
Industries, Ltd.). Can. 369,730, Nov. 9, 1937 (March 

16, 1935). G.M.H. 

Manufacture of barium compounds. E. E. FIsHer. 
U. S. 2,105,940, Jan. 18, 1938 (March 28, 1936). In mak- 

ing barium compounds, the process comprises fusing to- 

gether barium sulfate, aldmina, and silica in proportions 

such that the barium oxide content of the barium sulfate 
is substantially 3 mols. of barium oxide to 1 mol. of silica 
and 3 mols. of barium oxide to 1 mol. of alumina so as to 

obtain substantially sulfur-free tribarium silica aluminate. 

Manufacture of lead borate. S. W. Srockpa.e, E. F. 
WEAVER, AND S. P. Trynes (Anaconda Lead Products 

Co.). U.S. 2,104,549, Jan. 4, 1938 (Aug. 1, 1936). The 

method of producing lead borate comprises passing an 

electric current through a cell comprising a lead anode, an 

anolyte comprising an aqueous solution of sodium chlo- 

rate, a diaphragm, a catholyte comprising an aqueous 

solution of sodium tetraborate, and an insoluble cathode. 

Method of producing strontium carbonate. H. G. 
ELLEDGE AND ALFRED Hirscu (Diamond Alkali Co.). 

U.S. 2,106,131, Jan. 18, 1938 (May 24, 1934). A process of 

converting strontium sulfate to strontium carbonate com- 

prises treating the sulfate with agitation with Na;CO, in 

the presence of NaOH and water from 10 to 20 times the 
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weight of the sulfate at a temperature from approximately 

90° to 100°C, the sulfate being in a state of subdivision to 
pass a 40-mesh sieve, the quantity of Na,;CO, ranging be- 

tween 1.3 and 9% excess Na,CO,; over the molecular 
equivalent of SrSO, and the corresponding quantity of 

NaOH ranging between 27 and 100% of the weight of 
the sulfate. 

Process for the manufacture of boric acid. W. E. 
BURKE AND HARALD DE Ropp (American Potash & Chemi- 

cal Corp.). U.S. 2,104,009, Jan. 4, 1938 (June 25, 1929). 

In a process of treating solutions containing boric acid 

and a salt of a strong mineral acid, the steps comprise 

adding a sodium-containing compound capable of in- 

creasing the solubility of boric acid and partially crys- 

tallizing out the salt from solution. 

Production of borax. P. T. Dotty (Pacific Alkali 
Co.). U.§&. 2,105,109, Jan. 11, 1938 (Nov. 19, 1934). 

Production of magnesium from magnesiferous raw 
materials by thermal reduction. Ropert Sucuy AND 
HELLMUTH SELIGER (Magnesium Development Corp.). 

U. S. 2,103,976, Dec. 28, 1937 (Nov. 12, 1936). A process 

for producing magnesium by thermal reduction of mag- 

nesiferous compounds by means of silicon comprises in- 

corporating in the reaction mixture at least one substance 

of the group consisting of alkali, alkaline-earth metal, and 

aluminum fluorides in quantities ranging from about 0.5 

to about 5% by weight of such reaction mixture, the re- 
action mixture being such as to yield an exclusively solid 

residue at the reaction temperature, and subjecting the re- 

action mixture thus treated to temperatures adapted to 

cause volatilization of the magnesium. 

Recovery of calcium phosphate, alumina, and potassium 

values from their insoluble minerals. GiusePre Ds 

Varpa. U. S. 2,104,295, Jan. 4, 1988 (Oct. 12, 1934). 

Process of solubilization and recovery of potassium, alu- 

minum, and phosphorus values from a phosphate rock- 

leucite or from a similar mineral mixture leached with an 

aqueous solution of sulfurous acid of which the lime in 

excess of the amount required for the formation of a di- 

calcium phosphate has been eliminated in the form of gyp- 

sum which comprises the separation of the dissolved alu- 

mina from the phosphorus and potassium values by heat- 

ing the solution first to about 75°C at which temperature 

the precipitation of the alumina takes place, separating 

the precipitated aluminum compound from the hot solu- 

tion and then slowly increasing the temperature to about 

90°C, whereby the precipitation of a dicalcium phosphate 

practically free of sulfite and soluble in ammonium citrate 

is brought about. 

Zirconia. Soc. ANON. DES MANUFACTURES DES GLACES 

& Propuitrs CHIMIQUES DE St. GoBAIN, CHauny & Cirey. 

Ger. 648,834, Aug. 9, 1937; Cl. 12m. 9; Chem. Abs., 31, 

8846 (1937). Addition to 647,918. Fused Zr mineral is 

heated to sintering temperature with Na,;CO,, cooled, and 

freed from Na,SiO; by washing with water. The residue 

is ground, dried, and treated with HF to give ZrQ,. 

General 

Air Hygiene Foundation fall meeting. ANon. Bull 

Amer. Ceram. Soc., 17 [1] 39-40 (1938). 

Ceramic materials and their use ia fine mechanical work. 

P. Gorrz. Maschinenbau, 15 [15-16] 445-47 (1936); 

Met. Abs. (Inst. Metals), [2| 3 [12] 606 (1936).—Metals can 

be joined to ceramic bodies if the latter are first covered 
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with a silver solution and fired to produce a thin silver 

film which is then thickened by plating and used as a basis 
on which to solder the metal. 

Detection of silicosis by X-ray. ANON. Stone, 56 
[3] 109 (1935).—A portable X-ray apparatus which is 
equipped with a Philips Metalix Tube is described. See 

“‘Réntgenological—,”” Ceram. Abs., 15 [4] 136 (1936); 

“Lung—,” ibid., 16 [11] 360 (1937). P.G.H. 
Dolomite. Vicror CHARRIN. Argile, No. 175, pp. 

1-3 (1937).—The characteristics of the chief French dolo- 

mites are given. Dolomite, when used in glasses and 

glazes, (1) increases the resistance to temperature varia- 

tions, (2) increases hardness and mechanical properties, 

(3) diminishes devitrification, (4) lowers the melting point 
when combined with iron oxide, (5) increases resistance to 
alkalis and acids, (6) increases resistance to compression, 

and (7) increases the temperature range of glassworking. 
In ceramic mixes it whitens the bodies and permits the use 

of thinner sides in ware without diminishing its strength. 

M.V.C. 
Dust control in industry. C. C. Hermann. Products 

Finishing, 2 [4] 28-32 (1938).—H. supplies specific in- 
formation on the design and operation of dust-removal sys- 

tems which he states is not available in libraries. The 

velocity necessary for handling large varieties of materials 

is given as well as an ideal layout for grinding room ven- 

tilation and dust removal. H.K.R. 

Effect of shape of samples on shrinkage on drying and 
firing. G. P. Fiinrzev anp G. K. TERESHCHENKO. 
Keram, & Steklo, 13 [9] 21-25 (1937).—The results of the 

studies of Schneider (Ceram. Abs., 12 [2] 81 (1933)) on the 
shrinkage of porous geometrical bodies were confirmed. 

In ware representing a combination of simple geometric 

bodies, tensions are formed, in places where the ware 

changes its shape, which are the chief sources of deforma- 

tion and cracking of the ware. M.V.C. 

Engineering profession. Gano Dunn. Gen. Elec. Rev., 
40 [11] 528-30 (1937).—Not what the engineer does but 
how he does it differentiates engineers from men of other 

learned professions. L.E.T. 

Fire protection of buildings and resistance to fire of 
building materials. Louris CHASSEVENT. Ciment, 40, 
116-19 (1935). E.W:S. 
Fundamental research and its human value. IRvING 

LaNnGcmurR. Read before Congress of Applied Chemistry, 

17th Congr., Paris, 1937; Gen. Elec. Rev., 40 [12] 569-73 

(1937).—The application of science to human needs is 

discussed. Topics include industrial research laboratories 

and their history and development, gas-filled lamps, 

studies of thermionic emission, monolayers, and multi- 

layers, etc. Many of the scientific investigations were 

first begun without definite application in view, but such 

researches led to new facts which made final applications 

possible. L.E.T. 
German pottery industry. B. HEeImLEeR. Ceram. Age, 

29 [1] 17-18 (1937).—Production statistics on the various 
classes of pottery products are discussed. F.G.H. 

Germany utilizes slate waste. ANON. Stone, 58 [10] 
396 (1937).—Ground shale or clay slate serves as a pig- 
ment for colors ranging according to carbon content from 

gray to black. The pigments are processed with oil, 

casein, glue, lime, and water glass. Mixed with iron oxide, 
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white lead, or red lead, they produce rustproofing paints 

and can be used as fillers or extenders. P.G.H. 
Mexican ceramic plants. Gorpon H. CHAMBERS. 

Ceram. Age, 29 [5] 142-44 (1937).—Several typical brick, 

tile, and glass plants are briefly described and illustrated. 

F.G.H. 

Outline for employee education. H.L. Humxe. Fac- 
tory Management & Maintenance, 95 [10] 87-98 (1937).— 

H. outlines the trainings given at Servel, Inc., to foremen, 

group leaders, juniors, codperative students, and appren- 

tices. IIustrated. J.L.G. 
Pottery exhibits at the Greater Texas and Pan American 

Expositions. ANon. Ceram. Age, 30 [2] 43 (1937).—Nu- 
merous exhibits are described and illustrated. F.G.H. 

Pottery industry at Tonala and San Pedro Tlaquepaque 
districts, Mexico. Norris W. Haze.tron. Ceram. Age, 

28 [3] 84 (1936).—The production and marketing of the 
local ware are briefly described. F.G.H. 

Processes in pottery production form new museum. 
C. Isaper CAMPBELL. Ceram. Age, 27 [1] 259-60 (1936). 

—Eight small models showing the important opera- 

tions in the making of fine chinaware form a new perma- 

nent exhibit in the Commercial Museum, Philadelphia, Pa. 

Illustrated. F.G.H. 

Proposed state regulation of the silicosis problem. 
Anon. Concrete, Cement Mill Ed., 45, 257-58 (1937).— 

This is the condensed report of the Committee on Regula- 

tory and Administrative Phases of the Silicosis Problem. 

The individual states should do the regulation. Pre- 

vention of silicosis is to be emphasized. The following rec- 

ommendations are made: (1) disability or death should 

be compensable through workmen’s compensation laws; 

(2) state agents must be able to inspect the place of em- 

ployment; (3) the employer must be insured; (4) persons 

with active pulmonary tuberculosis should be removed from 

silica dust exposure; (5) a medical advisory board should 

be established; (6) an immediate cash payment should be 
made of 50% of the compensation for an accidental in- 
jury, increasing to 100% over 5 to 7 years; (7) a dismissal 

payment should be made; (8) medical care should be 
given; (9) a time limit of at least two years should be 
granted for filing claims; and (10) there should be a bureau 

of inspection for routine work and a bureau of occupational 

hygiene under a state department of health, labor, or mines. 

W.D-F. 

Protection for porous stone and aging brick in old Colo- 
nial houses. ANON. Stone, 58 [7] 274 (1937).—A solu- 

tion of 1 Ib. of paraffin to 1 gal. of gasoline is applied to 

absolutely dry masonry wall until saturation is reached. 

P.G.H. 

Protector minerals defeat harmful effects of silica dust. 
ANoN. Stone, 58 [6] 232 (1937).—Four minerals have been 
discovered by the Geology Dept., Univ. of Wisconsin, 

which protect workers in dusty industries. Carbon black, 

alkaline-earth carbonates (calcite and dolomite), and iron 

oxide are introduced in small amounts into the dust-laden 

air and breathed into the lungs along with the harmful dust. 

The protector minerals function by attraction of opposite 

electrical charges. The dust particles of the protector 

minerals attract the dust particles of the silicosis minerals 

and facilitate their removal harmlessly from the lung in- 

4 
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stead of permitting their lodgment which finally kills the 

cells. P.G.H. 

Science in China. V. K. Tinc. Asia, 36, 130-34 

(1936).—The Geological Survey, established in 1912, has 
studied old mineral deposits and located new ones and has 

worked on paleontology, mapping, seismology, and soil 

surveys. The Academia Sinica, established in 1927, over- 

sees ten research institutes that study physics, chemistry, 

engineering, astronomy, meteorology, zéology and botany, 

psychology, geology, and history, including archeology. 

Archeological research has been going on at Anyang, in 

northern Honan province. This was the capital of the 

Shang dynasty, B.c. 1500 to 1200. An enormous number 

of inscribed bones and shells, bronzes, pottery, and stone 

implements belonging to different cultural periods have 

been uncovered. W.D-F. 

Selective mining of clay. H. E. Notp. Ceram. Age, 
29 [1] 19 (1937).—The fundamental principles are dis- 

cussed. F.G.H. 

“Sherlock Holmes.” Reminiscences of Bernard Moore. 
J. W. Metitor. Trans. Ceram. Soc., 36 (6) 255-63 (1937). 
—Cases dealing with ceramics brought to Moore as consul- 

tant and his methods of solving them are described. 

R.A.H. 

Structure of mixes obtained by means of drawing and 
de-aired mixes. A.Coutnon. Argile, No. 170, pp. 7-17 
(1937).—The structure of mixes depends entirely on the 
nature, texture, working, and rate of drawing of clays and 

mixes but not on de-airing. Defective working of clays 

is discussed in detail. M.V.C. 

Tams, dean among potters. Anon. Bull. Amer. 
Ceram. Soc., 17 [1] 35-36 (1938).—The life of James 

Tams is described. 

Variable budget in management by exception: I. Frep 
V. Garpner. Factory Management & Maintenance, 95 
[11] 67-74 (1937).—G. discusses in detail the principles of 

the variable budget and control of manufacturing expense 

orburden. II. Jbid., [12]63-74.—G. considersthe forecast- 

ing and control of expenses, distribution of the burden, and 

the establishment of modern normal rates. Illustrated 

by charts and tables. J.L.G. 

Varying the plasticity of kaolins. W. PETERSEN. 
Ber. Deut. Keram. Ges., 18 [7] 299-308 (1937).—A series of 

experiments was conducted in which kaolins, both plastic 

and nonplastic, were treated with electrolytes and pro- 

tective colloids to study the effect on plasticity. Plasticity 

measurements were made by the Pfefferkorn method 

(Ceram. Abs., 13 [6] 161 (1934)). Soda, caustic soda, and 

lime produced scarcely any improvement in plasticity, but 

starchy protective colloids, such as potato starch and 

Konnyaku meal, greatly increased the plasticity of a num- 
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ber of kaolins. (Konnyaku is a tuberous plant widely 

used asa foodin Japan.) Other physical tests showed that 
starch additions reduced the drying and firing shrinkage 

and increased the dry and fired strength of the kaolins. 

E.J.V. 

BOOKS 

Carbon Brushes. J. Neuxrrcuen. Translated from 
the German by Erle I. Shobert, II. Published by 

Stackpole Carbon Co., St. Marys, Pa. 166 pp., about 

50 figs. Price $3.00 from the Telegraph Press, Harris- 

burg, Pa. This book has been translated to fill the need 

for a complete and concise discussion of the field of carbon 

brushes on electrical machinery. It is the only recent 

work in English on the subject. The basic theories of 

commutation and current collection are developed, and the 

discussion stresses all of the various aspects and problems 

connected with current collection. 

Silicosis hazard in American industry. L. Green- 
BuRG. Ind. Bull. N. Y. State Dept. Labor, 15, No. 12 
(Dec., 1936); reprinted in Stone, 58 [1] 20 (1937).—G. 

gives one of the most comprehensive explanations of the 

causes and preventions of this dis»ase. P.G.H 

NEW JOURNAL 

Current Titles. Edited by Artruurp Crcm 
Published monthly by Current Titles from Engineering 

Journals, 928 Broadway, New York, N. Y. Vol. 1, No. 1, 

October, 1937. Price $3.00 per year, 30¢ per copy. This 

journal lists the tables of contents of the world’s outstand- 
ing English language periodicals of the current month in 

the fields of engineering, chemistry, physics, geology, and 

technology. Under the latter heading will be included 

selected contents of the leading trade journals of all in- 

dustries in which engineers, physicists, chemists, and geolo- 

gists are normally employed. In the first issue 127 jour- 

nals are listed. 

PATENTS 

Manufacture of porous bodies. M.L. Wurracre AND 
DE Leguw (Carborundum Co.). U. S. 2,104,783, 

Jan. 11, 19388 (Dec. 8, 1933; renewed March 20, 1937). 
In the method of making porous bodies which comprises 

forming a slip containing gas-generating material and per- 

manent ingredients including a catalyst for the gas-generat- 

ing material, the steps comprise forming the ingredients 

into a stable slip, puddling the slip into a mold, unstabiliz- 

ing the slip, permitting evolution of gas to swell the slip, 

and thereafter drying the slip. 

Production of ceramic materials. SreatrT-MAGNESIA 
Axt.-Ges. Brit. 476,393, Dec. 22, 1937 (June 20, 1935). 



Fortieth Annual Meeting 

American Ceramic Society 

New Orleans, March 27 -April 2, 1938 

Hotel Roosevelt, Headquarters 

1. One hundred thirty odd research reports. 

2. Eight Divisions holding simultaneous 
meetings. 

3. Four general sessions and an afternoon at i 

Tulane University. 

4, Seven educational exhibits. 

5. A historical city, yet modern and teeming i 

with industry and commerce. : 

6. An educational center. 

No ceramist can afford to be elsewhere than at this + 

Meeting the week of March 27. 2 



WHY 
The American Ceramic Society? 
To promote the ceramic arts, science, and technology. 

vw 

HOW? By meetings, by publications of research reports, and 

by abstracting the world-wide ceramic literature. 

By these means is provided CONTINUED EDUCATION 
---(keeping informed of the thoughts and developments of 
others) --- and ACQUIRED KNOWLEDGE --- (knowing 
through personal effort.) 

NEEDED? Technological knowledge is being published 

in an increasing amount by a rapidly increasing 
number of persons. The advances made are accelerating. 

lt is only by such a codperative agency as THE AMERICAN 

CERAMIC SOCIETY that ceramists can keep educated, that 
is, keep informed of what others are accomplishing. 

Those who have knowledge through personal efforts have 
remunerative employment and their products are crowding 

the markets. 

ANSWERS The most successful persons and corpora- 
tions have the keenest appreciation of co- 

operation and of pooled efforts. They realize also thet the 
larger and more substantial the codperation, the larger is its 

value to them. = 



1769 
1816 
1825 
1829 
1832 
1833 
1840 

These defeating causations are not effective today 

Lenox, Inc., producers of Belleek and other fine chinaware, 

several producers of vitrified china for public and household 
service, and many manufacturers of less vitrified tableware for 
decades have won and held the American market with increasing 
success and satisfaction, as have American producers of glass- 

ware, enamelware, and the several varieties of clayware. 

Because inventions of means of mass production coupled with 
better technical knowledge make possible higher yield of ware. 

Fine Translucent China Made in America 
More Than a Century Ago 

Gousse Bonnin and George A. Morris, Philadelphia, Pa. 
Dr. Mead, New York, N. Y. 

William Ellis Tucker, Philadelphia, Pa. 
D. and J. Henderson, Jersey City, N. J. 

Joseph Hemphill, Philadelphia, Pa. 
American Pottery Mfg. Co., Jersey City, N. J. 
Charles J. Boulter, Philadelphia, Pa. 

Why Did Each Have 
Short Operating Life? 

(1) Because secret formulas were sacred personal 
possessions. 

(2) Because American housewives thought it not 
smart to use American-made ware, even though 
the quality was equal to imported ware. 

Time Has Marched On! 

Why? 

How? 

By Cooperation 





WANTED: ABSTRACTERS FOR THESE JOURNALS 

The following journals contain material of interest to readers of Ceramic Abstracts. An abstracter 

for any of these journals should (1) have the journal available in his personal library or in a public, 
laboratory, or school library to which he has access, (2) be prepared to submit the abstracts regularly 
each month, and (3) possess a reading knowledge of the language in which the publication is printed. 

Address all requests for assignments to the office of Ceramic Abstracts, 2525 North High St., Columbus, 

Ohio. Journals will be assigned to those first requesting them. 

Acta Physicochimica U.R.S.S. 
Aero Digest 
American Architect 
American Gas Journal 
Anales de la Sociedad Espafiola de Fisica y Quimica 
Annalen der Chemie 
Annales agronomiques 
Annales de Chimie 
Arch. Eisenhiittenwesen 
Architectural Forum 
Architecture 
Architecture & Building 
Archives de Minéralogie de la Société des sciences et des 

lettres de Varsovie 
Archiv fiir Warmewirtschaft 
Art et Decoration 
Arts and Decoration 
Bibliografia Italiana 
Brennstoff- und Warmewirtschaft 
Building Economy 
Bulletin of the Chemical Society of Japan 
Bulletin of the Institute of Physical and Chemical Research 

[Tokyo] 
Bull. Acad. Roy. Belgique 
Bulletin de la Section Scientifique de l’Académie Rou- 

maine 
Bulletin de la Société Chimique de France, Memoires, 

Documentation 
Bulletin de la Société Chimique du Royaume de Yougo- 

slavie 
Canadian Machinery 
Canadian Public Health Jour. 
Centro di Studi Ceramici 
Chemische Fabrik 
Chemiker-Zeitung 
Clay Products News 
Corriere dei Ceramisti 
Deutsche Goldschmiede-Zeitung 
Diamant (Glas-Industrie-Zeitung) 
Documentation Scientifique 
Electricité 
Engineering 
Farben-Zeitung 
Feinmechanik & Prizision 
Feuerungstechnik 
Forschung auf dem Gebiete des Ingenieurwesens and 

Forschungsheft 
Gasmaske 
Gelatine, Leim, Klebstoffe 
Ghickauf 
Gunmni-Zeitung 
Hutnik 
Illustr. Ztg. Blech-ind. 
Indusiritidning Norden 
Ingénieur Chimiste 
Ingegnere 
Ingenieria [Mexico] 
Ingenigren 
Inst. Mekhanicheskoi Obrabotki Poleznuikh Isokopae- 

muikh Mekhanobr 
Jernkontorets Annaler 
Journal of the British Society of Master Glass Painters 
Journal of Chemical Engineering China 
Journal of the Chinese Chemical Society 
Journal of the Fuel Society of Japan 
Journal of Hygiene 
Journal and Record of Transactions of the Junior Inst. of 

Engineers 
Jour. Roman Studies 

Journal of the Western Society of Engineers 
Keramic Tile Journal 
Khimicheskoe Mashinostroenie 
Klinische Wochenschrift 
Koks i Khimiya 
Kunststoffe 
Legkie Metally 
Lerindustrien 
Liteinoe Delo 
Magyar Chemiai Folydirat 
Mathematischer und naturwissenschaftlicher Anzeiger der 

ungarischen Akademie der Wissenschaften 
Mécanique 
Med. du Travail 
Métallurgie 
Metallwaren-Industrie und Galvano-Technik 
Metall-Woche 
Mineral’noe Syr’e 
Mitt. ee fiir Electro-Warmetech (Hann- 

over 
Mon. Phys. Phys.-Chem. Glass (Moscow) 
Nachrichten von der Gesellschaft der Wissenschaften zu 

Géttingen, Jahresbericht iiber das Geschaftsjahr, 
Mathematisch-physikalische Klasse 

Natuurwetenschappelijk Tijdschrift 
Nauchnye Zapiski po Sakharnoi Promyshlennosti 
Nitrocellulose 
Nova Acta Leopoldina 
Paint Manufacture 
Paint, Oil & Chemical Review 
Periodico di Mineralogia (Rome) 
Philippine Journal of Science 
Proceedings Royal Academy of Sciences of Amsterdam 
Proc. Highway Research Board 
Proc. Imperial Academy [Tokyo] 
Proceedings of the Iowa Academy of Science 
Proc. Staffordshire Iron & Steel Institute 
Przemysl Chemiczny 
Pub. Nat. Bur. Econ. Research, Inc. 
Reichsarb.-Bl. 
Repts. Imp. Ceram. Expt. Inst. 
Reports of the Imperial Industrial Research Institute, 

Osaka, Japan 
Revue de Métallurgie 
Roczniki Chemji 
Russko-Germanskii Vestnik Nauki i Tekhniki 
Schweizer Brauerei Rundschau 
Sitzungberichte der Akademie der Wissenschaften in Wien, 

Mathematische-Naturwissenschaftliche Klasse. 
Soap 
Sveriges Geol. unders 
Technische Blatter 
Technisches Gemeindeblatt 
Teknisk Tidskrift 
Teknisk Ukeblad 
Transactions of the Illinois State Academy of Science 
Trans. Inst. Chemical Engineers (London) 
Trans. State Institute of Applied Chemistry [U.S.S.R.] 
Trudy Ivanovskogo Khimiko-Technologicheskogo Inst. 
Trudy Vsesoyuznogo Mendeleevskogo S’ezda 
United States Department of Agriculture Publications 
Warme 
Warme- und KaAlte-Technik 
Waseda Applied Chemical Society Bulletin 
Zhurnal Obshchei Khimii 
Zhurnal Tekhnicheskoi Fiziki 
Ziegelwelt 
Zitein-SO 
Zeitschrift fiir Praktische Geologie 
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